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Voluma 1 of look TO of tho Manhattan Mstriet Elatory dea 
with tho food nateriale and special proeoro nsnt prograa fron ita 
inception through 31 Baeoafeor 1946. To sake tho hletery eoaplete, 
references aro Bade to work epeneored by tho Off leo of Scientific 
Soaoarch and DoTolopoent v ( QSRC) prior to Jane 1942. Thia toIwm ie 
divided into throo porta and 11 appendices t Part a ontlince tho gen* 
f eetnree c oncoming tho prograa aa a whole; Fart 1 relate* to tho 
pro cure—a t of raw aeterlala, ahioh constitutes the firet of tee open 
al phases of tho program; Part C deacriboa the refining aad treataent 
the raw aaterlala, which eoapriae tho eeeoad operatioaal phaee of the 
prograa} tho first 6 appendices contain: a Glossary, Organisation Chai 
Flow Biagraas, Graphs, Referenceo, and Contract Data, respectively; ai 
the other appendicea cover the procurement of apecial eheadcala or otl 
materiale for verlone parte of the Manhattan Project. 

The feed aaterials prograa la a particularly iatrigeiag am 
iatereeting sab J set, dealing ae it dees chiefly with the notorial 
ur anion, which had little eoaaereial ucage previously, aad whoee rof if 
and indoatrial treataent had not been p e r f o ra e d on say eignifieaat cce 
aerclal scale. Its scarcity and source control by national g o voru n on l 
and other najor international organisatione, the estrone secrecy with 
which all operatione had to be eontinaed, the aagnitnde of the quantit 
involved, and the speed with which aanafaetnring plante had to be con- 
structed and the prod* eta obtained, as well aa the pereonalitiee and 
organisatione involved, aade the prograa one of the highest inportancs 
and intorost. 
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During the period that the District Office tree located in 
New Tork City, August 1942 to August 1943, the program was handled by 
the Materials Section as its primary responsibility* With transfer of 
the District Office to Oak Ridge, Tennessee, in August 1943, the 
Madison Square Area was established primarily for the continuation of 
the supervision of the feed materials program, although this office, as 
the Materials Section had done previously, also handled the procurement 
of certain special operating materials for the processing plants, which 
activities are discussed in the histories of those plants and briefly 
covered in Appendices to this volume. 

This book has been prepared by the Madison Square Area 
Office on the basis of the personal knowledge of the staff at that 
office concerned in the program, and the records of that office. 
References are made in the text to pertinent documents of record, which 
are in the Madison Square Area files, and other sources of information, 
and a list of such documents is appended* Copies of War Department 
contracts referred to in the text are on file in the Contract Section 
of the Manhattan District in Oak Ridge. 

% summary is included ahead of the text to enable the reader 
to get a condensed but comprehensive picture of the subject matter with- 
out reading the entire book. Paragraph numbers and titles in the summary 
correspond to section numbers and titles in the text. The asterisk (*) 
has been used to indicate those words which have been defined in the 
Glossary. 

The story of the studies of geological literature, field 
explorations, and inspections and surveys to locate new sources of 
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uranium ore or to evaluate and investigate existing known deposits 
will be found in Volume 2 of this book, "Geographical Exploration". 
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"art A - ('"on aral "'o a^u rej'a 

1. Intrqduotion_ - The ''eed materials program had as its obj^otii 
the procurement of the basic raw mute rials containing uranium and theia 
conversion to f«ed materials for the processing plants. The prop-ram is 
volvad the locating and processing of raw matarials and their refining 
and treatment to obtain feed materials, in the particular forms and of 
the highest purity, for utilisation in the processing plants within th( 
stringent time limitations which had be^n established, /it the outset < 
the program, the objective was to procura a; proximately 1,700 tons of 
t blmk oxide (U3O6,), or its equivalent in ore oonaentrates by the middl< 
of 1944, for conversion to feed materials, while the present objective 
ia to procure sufficient U3O9 to permit operation of production and re- 
search .facilities as required. 

The occurrence of the element uranium was rwoof^iized in 1789 
by V. H. Klaproth in the mineral which he called tfranlte. Uranium ia 
found primarily in pitchblende and oarnotite ores, and to a lesser ex- 
tent in other ores such a* torbaroite. The principal ore deposits are 
located in the Belgian Congo of Afrioa, the Great Bear Lake region of 
Canada, and tho Colorado plateau region of western United States, and 
lesaer deposits are known to exist in many other countries throughout 
the world. Although there was no particular demand for pure uranium 
metal, as such, prior to the start of the projoot, there were some com' 
meroial uses for compounds of urnnium, i.e., for the oxide in the ceran 
industry and for th« nitrate in the photographic industry. The propmrl 
of uranium are extremely interesting; physically, uranium atoms are of 
three kinds (each referred to an an isotope) and are among tho heaviasl 



knownj while chemically, uranium is «onsi dored to be a relatively aotlve 
element. It is hIso radioactive} chat la, ita atoms are unstable, and 
they undergo spontaneous and unoontrollftbis transmutation into simpler, 
or lighter weight, elements. Uranium, and radium, in their natural 
occurrence in ore, boar a definite relationship to each other, rad^vtm 
occurring in uranium ores in the ratio of 1 part to overy 3£ million 
parts of black oxide. The primary demands for radium are for medical 
purposes, luminous paint manufacture, and industrial radiography. 

In the original development of the program, it was envisioned 
that one contractor would perform all of the necessary work under one 
prime contract. However, as the program waa enlarged, it readily baoame 
apparent that it would be both desirable and essential to engage the ser- 
vices of as many leading industrial concerns as possible in order to dis- 
tribute the many complex tasks among the best personnel available in 
industry. In general, operations consisted essentially of locating 
adequate souroe3 of raw naterials, procuring the raw materials, refining 
them, and finally converting them in a series of treatment operations to 
obtain feed for the processing plants. 

Initial procurement of black oxide was begun in 1941 by the 
OJRD. In July 1342, the first order for black oxide was placed by 3ton« 
& debater for the Manhattan District, and in the lat'-.er part of 1942, all 
procurement was assumed directly by the 'lanhattan District. As part of 
the procurement program, certain othar items, such as radium, radium- 
neutron 3ourcos, and radioactive lead, were procured for other project 
installations. In addition, Madi3on Square Area acted as a spscial pro- 
curement a^enoy for Los Alamos, and the K-25 program- In the craae of 
the former, many items of a highly specialised nature were procured, and 





they will not be detailed. However, a cost sxiffimary of the work done is 
given in Appendix J. The procurement for K-25 consisted in contracting 
for the design, construction, and operation of plants for special and 
unique fluoro carbons, and the details are outlined in Appendix G* Raw 
material prices varied according to the grade and type of ore, and the 
resultant difference in subsequent cost of refining to recover the uranium 
content , The sequence of operations and the type of processes to be 
used in refining and treatment operations, and the requirements for new 
and expanded plant facilities for large-scale manufacture, were establish- 
ed in the fall of 1942, at which tiae the construction program was 
initiated and carried forward at an accelerated rate, with the result 
that, by the middle of 1943, practically all of the plants which were 
required were in full operation* 



varied and extensive research and development work be undertaken since 
enormous quantities of uranium, in special form and of the highest purity 
(since even small concentrations of impurities reduce the efficiency of 
the X-10 process), had to be produced on a commercial scale never before 
thought possible* Recovery operations- were instituted to salvage scrap 
and by-product materials, and the uranium content which was recovered was 
reintroduced into the processing circuit, where it was eventually con- 
verted to usable feed materials* The results of the program have been the 
attainment of both the procurement and production objectives. The project 
has obtained title to approximately 10,000 tons of U3O3 in ore concen- 
trates of which 3,625 tons were obtained through the Washington office* 
There have been produced as feed materials for the processing plants 
approximately 6,600 tons of high purity uranium or its equivalent, includ- 



Throughout all staged of the program, it was necessary that 




ing recast metal* kt no time were deliveries oahind the forecast schedule 
of raquiresients. Among the future considerations whioh will be brought 
about by the completion of the program are problems with foreign interests, 
problems regarding distribution of ore residues and disposition of the pro- 
cessing plants* 

The cost of the program, to 1 January 1947, has been approxi- 
mately $90,268,490, of which $27,592,360 was for procurement of raw mater- 
ials, #68,622,360 for refining and treatment operations, and #3,357,690 
for research, development, and quality control activities; $88,400 for the 
procurement of radioactive lead; $547,160 for radium, exolusive of that pro- 
cured for Site Yi and $60,520 for thorium salts. The direction and super- 
vision of the pr ograju mas handled essentially by officer personnel on the 
staff of the District Engineer* The organisation originally established 
in 1942 to administer the program in its early stages was the Materials 
Section of the Manhattan District, at that time located in Hew fork, N.Y. 
Since August 1943, at which time the Distriot Office was moved to Oak Ridge, 
Tenn*, the program has been administered by the Madison Square Area in 
Hew York, N.Y. Acknowledgement is made of the untiring efforts of those 
who contributed to the success of the',programj and all military and civ- 
ilian personnel, both in the war Department and the contractors* organ- 
izations, deserve the highest praise for the results which they have helped 
achieve* 

Part B - Procuremen t 
2. African Sources - The richest source of uranium-bearing raw 
materials for the project came from the shinkolobwe mine, located in the 
southeastern corner of the Belgian Congo* The mine was discovered in 1915, 

but operations were not begun jsy^ its owner— Union Miniere du Haut Katanga, 
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a Belgian Company - until after World War I, The mine operated inter- 
mittently from its opening until 1937, daring which time mining and re- 
fining operations were conducted principally for the recovery of radium. 
The extreme richness of the African ore, assaying as high as 65% to 75% 
U^Og, has enabled Onion Miniere du Haut Katanga to dominate completely the 
radium and uranium market. By 1937, sufficient ore had been mined and 
stock-piled to satisfy the future normal radium and uranium market for 
approximately 30 years. Therefore, all mining and refining operations 
were stopped in 1937. 

In order to procure raw materials from this rich African source, 
the Manhattan Pis trie t entered into negotiations with the African Metals 
Corporation of Mew York, l.Y, This company was the sole agent for the sale 
of Union Miniere 1 s products in the United States. As of 1 January 1947, 
3, #39 tons of U^Og contained in ore had been procured by contract from 
African Metals at a cost of approximately 19,113,800. Of the total 3,839 
tons, 767 tons of tJ30g were obtained from ore which was already in this 
country, and the remainder was obtained from the stockpile at the 
Shinkolobwe mine in Africa. In addition to this material obtained by con- 
tract, 3,144 tons of 0303 in ore had been obtained by the Washington office 
as of 1 January 1947, at a cost of approximately $10,267,800. The trans- 
portation of ore from Africa presented a difficult task, since enemy sub- 
marines were active during most of the period of shipment. However, only 
two shipments, totaling about 200 tons of O3O3 in ore, were lost at sea. 
One of these shipments was lost through enemy action, and the other was 
lost through a marine accident. 

Since shipments from Africa arrived faster than refining opera- 
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tions In this country could be carried out, it was necessary to obtain 
storage facilities in the United States for these ores. Ores arriving 
from Africa were stored originally at the Senoca Ordnance repot, and 
later, at the Clinton Engineer Works. They are currently being shipped 
to a warehouse in Middlesex, New Jersey, and are stored there until they 
can be shipped to the refineries. The weighing, sampling, and assaying 
of African ores are also conducted at the Middlesex Warehouse. 

3. Canadian Sources - The second richest source of raw materials 
for the project was the Eldorado mine, located on the southeast shore of 

Great Bear Lake in Canada. Mining and refining operations at the Eldorado 

Co. 

mine, owned by Eldorado Mining and 3ef ining^ began in 1935 and continued 
until 1940, during which time, the ore was mined and refined for the re- 
covery of radium, uranium, and silver* The mine was closed in 1940, since 
sufficient ore had been mined and stock-piled to satisfy the normal future 
conBerQcjal market for approximately 5 years. However, in 1941, the Of flee 
of Scientific Research and development placed an order for ore which nec- 
essitated the reopening of the mine. The mine was reopened and started 
operations late in 1942, and mining and refining operations have continued 
since that date in order to fill the subsequent requirements of the 
Manhattan tistrict. 

There had been contracted for, to 1 January 1947, approximately 
4,149 tons of ore, at a cost of approximately $$,082,300, to be delivered 
as 1,137 tons of black oxide. To 1 January 1947, 921 tons of U^Og have 
been delivered. The early contracts for the purchase of black oxide 
were written directly with Eldorado, or with Boris Pregel, president of 
the Canadian Radium and Uranium Corporation of New York City, the sales 
agency for Eldorado's products in the United States, Since September 1943, 
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Manhattan District contracts, for security reasons, have been written in 
the name of Carl French or ilbert A. LaBiuo, who were, respectively, 
treasurer and president of Eldorado and acted as agents for that company. 
Eldorado had its own refinery at Port Hope, Ontario, where ore concentrates 
were refined to produoe black oxide. Therefore, it was possible to pur- 
chase blaok oxide directly from Eldorado, and 'here was no need for the 
storage, the weighing, sampling, and assaying, and the preliminary re- 
fining steps, as in the case of the African ores. 

4. American Sources - The third important source of uranium-bearing 
raw materials was the carnotite or«s of th» Colorado Plateau region in 
the United States. Operations in this area had begun about 1911, and, 
between 1911 and 1923, high-&rade carnotite orns had been selectively mined, 
principally for the radium oontent and to a minor degree for uranium and 
vanadium. The high-grade carnotite ores contained a maximum of only 1.25J& 
U3O8, and/ operations on these ores declined rapidly after 1923 because of 
the unfavorable position which oarnotites then had in the radium field with 
respect to radium derived from the newly discovered rich ores from the 
Belgian Congo. However, the great demand for vanadium brought about by 
World War II stimulated the development and exploitation of domestic sources, 
and oarnotites have been mined since 1937 principally for their vanadium 
content. 

As a result of the mining and refining of carnotite ores, prin- 
cipally for the reoovery of radium and vanadium, during the past 30-35 years, 
there were accumulated tremendous stockpiles of tailings whioh contained 
varying low, but economically recoverable, percentages of uranium. The 
District entered into contract negotiations with the three major companies 
in the vanadium field to procure the stock-piled filings from the former 



operations as well as the products of the currant operations. To 1 January 
1947, the 0. 3. Vanadium Corporation, the Vanadium Corporation of America, 
the Metals Reserve Corporation, and various other amall producers had con- 
tracted for the delivery to the project of approximately 1,349 tons of 
U3O8* contained in 379,671 tons of ore tailings, at a cost of 12,072,330. 

5. Market Procurement - Prior to the start of World War II, approxi- 
mately 150 tons of uranium compounds wore being consumed annually in the 
manufacture of ceramic colors. The need for conservation and control of 
uranium supplies was recognised in December 1942, at which time the Vfar 
Production Board was requested by the District to take appropriate action, 
and, in accordance with that request. Conservation Order M-285 was is med 
on 26 January 1943 and further amended in August 1943, prohibiting the 
sale or purchase of uranium compounds for any use other than a few vital 
military and industrial applications. As a result of these operations, 
the stocks of refined uranium compounds held by various manufacturers 
and distributors were made available to the project. 

As of 1 January 1947, contract negotiations with the Vitro Manu- 
facturing Company, Afrioan Metals, and several other companies resulted in 
the procurement of approximately 270 tons of #308 contained in various re- 
fined uranium salts, at a cost of approximately 11,066,150. The Washington 
office also obtained approximately 481 tons of U3G9 in the form of miscell- 
aneous compounds, mostly impure sodium salts. These materials were found 
by our armed forces in the European Theatre of Operations , 

6 * Procurement of Other Radioactive Materials - In addition to the 
procurement of uranium as a raw material for the project, it also became 
necessary to procure certain othar substances, i.e., radium and radium- 
neutron sources and radioactive l$ad. Inasmuch aa these materials occur 



in nature in conjunction with uranium, their procurement was handled as a 
part of the general procurement program. The varied operations of the 
District made necessary the procurement, to 1 January 1947, of 73 grams 
of radium, at a cost of $679,399, and 85 tons of lead oxide, as a source 
of radioactive lead, at a cost of $88,400. Negotiations to date have pro- 
cured all the radium and radioactive lead required by the Manhattan Dis- 
trict o 

Part C - Refining and Treatment 
7. Refining of Raw Ores to Black Oxide and Soda Salt - The process- 
ing operations for refining raw ores and ore concentrates were performed 

Co. 

by Eldorado Mining and RefiningAat Port Hope, Ontario, Canada, and the 
Linde Air Products Co* at Tonawanda, Mew Xork, both of whom produced black 
oxide, and by the Vitro Manufacturing Co. at Cannonsburg, Pa., who produced 
soda salt (la2&2P7)« B°th products required substantially the same 
subsequent treatment. 

All Canadian ores were processed by Eldorado, whereas African ore 
concentrates were processed at all three of the refineries mentioned above, 
the high grade concentrates being processed by Eldorado and Vitro and the 
low grade concentrates by Linde. The'jnajority of American ore concentrates 
were processed by linde, and relatively small quantities by Titro. The 
Linde plant was placed in stand-by in July 1946 because of insufficient 
supplies of suitable raw materials. In May of 1945, construction of a 
high-grade ore refinery was started at the Mallinckrodt Chemical Works in 
St. Louis. This plant was completed in May of 1946, and at this writing 
was just beginning to reach quantity operations. 

The American ore concentrates which were refined by Linde were 
given a preliminary processing by the U.S. Vanadium Corporation at Grand 



Junction, Colorado, iho ores and tailings :4>c&in«d from u. 5. Vanadium 
Corporation at Uravan and Durango, Colorado, and other maallar mine 13 in that 
ar«a #ar© eonc.entrat«d in aiiis at Uravaa fend Dur&ngo. concentrates and tail- 
ing* weir© also obtained from the Vanadium Corporution qf Aseriea, whoso mills 
were located i*t Jiontioello, Utah, and iiaturita , Colorado. 

3. Production of Brown Qxiic and orange Oxide - i'h© production at 
brown oxide (uraniun dioxide, UOj ) is considered the first step in each of 
the throe parallel ohaina of treatment operations involved in the purifioa- 
tion and treatment of mtorlale to produce uranium mat*. I. Operationts in this 
stop were carried out primarily to produce the brown oxide, hut, in addition, 
there wore withdrawn at an into mediate point the quantities of orange oxide 
(ure-nima trioxido, UO3) required for the Y-12 proce»n. the withdrawal for 
the Y-12 procesm was a preliminary noasure nince later arrangements were made 
to utilise the end products of tha K-2i> and ;1-{J0 prooes»es as feed materials 
for i~-l?.| s>nd withdrawal of orange oxide ceased in the apring of 1945. The 
Maliinckrodt Chemical ??ork», at St # Louis, Ho., B.I # du Pont de Honour r $ Co., 
Inc., at Doopwater, Sew Jersey, and the Linde Air Products Company at 
Touawanda, New York, .w»ra the three organisation* engaged in the production 
of brown oxide. Ail of the orange oxide roquireswcitu were supplied by 
Maliinckrodt, 

In the spring of 1944, the combination of a shortage of raw mater- 
lain, with auboequent excess brown oxide production capacity, and a need for 
certain equipment of the type used in the brown oxide process, for use in 
the production of nickel compounds for the K-25 process, allowed tho Linde 
brown oxide plant to be pieced in utandby oondition and enabled part of ita 
equipment to be used on the ?>2b* "nickel work", which waa under the juris- 
diction of the New York Area. Continued exce.in capacity in this process 
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step ha» m*d« it unnecessary to start brown oxide production again in the 
Linde plant after completion of the "nickel work™. 

Total production of brown oxide to 1 January 1947, has been 6,626 
^t^^n^j ^ni^l ^j^f* ^ktP^Hs^j^j ^ucj^^i^t ^^s^^L tons * ^j^3^n*^fc^^^L^i^^ c^J^u^tj in ^#^si^L8 •J^&^sjpe ^k^T _ 

$7,928,030. the average processing cost of production froa black oxide and 
soda salt has been $0.55 P«r pound, and the present cost is $0,45 per pound. 
The average processing cost of brown oxide produced froa high grade ore 
(Mallinckrodt Refinery) has been $0.82 per pound. 

The du Pont scrap recovery plant was constructed and pat into 
operation in Seotsaber 1943 in order to recover the uranium content of scran 

plant is able to process nearly all types of economically recoverable scrap 
materials and nroduceS froa such aaterials a wet uraniua neroxide eludes 
which is charged directly into the brown oxide process just as if it were 
black oxide* 5,486 tons of scrap material have been processed to 1 
January 1947 to produce about 982 tons of equivalent black oxide, at an 
operating cost of $2,294,150, or an average processing cost of $1.17 per 
pound of 930g. 1 ; 

the parallel chain of treatment plants is the production of green salt 
(uraniua tctraflnorlde, WF4). Operations in this step were necessary in 
order to convert the brown oxide produced in the previous purification atsj(p 
into a fora in which it could be reacted with magnesium in the succeeding 
step to produce uraniua metal. The process involved essentially the treat-* 
ment of the brown oxide at a high teaperature with hydrofluoric acid, which 
converts the brown oxide to the green salt. Mallinckrodt, du Pont, and 
Linde each had a plant for the production of green salt. In addition, 



Harshaw Chemical Compaay at Cleveland, Ohio, had a green salt plant, and 
the material produced by then was used until the summer of 1944 in metal 
production operations and, after that time, was converted by Harshaw, in 
an additional step, into the hexafluoride (gaseous uranium hexafluoride, 

which was the feed material for the K-25 and S-50 processes md 
subsequent to Sept., 1945 tor the K-25 process alone. Operations at the 
du Pont green salt plant were discontinued in the sunmer of 1944, and the 
plant was pat in stand-by condition after a review of the performance of 
all plants from the quality, yield, and cost standpoint. For reason of 
economy, the Linde green operations were terminated in July 1946* 

The total production of green salt for use in the manufacture 
of metal, to 1 January 1947, has been 7,342 tons, at an operating cost, in 
this step, of $6,605,320, and an average processing cost of $0.45 per pound. 
Hexafluoride production to date has reached 1,622 tons, at an operating cost 
of #2,221,470 for this operation, and an average processing cost of approx- 
imately $0.68 per pound, 

10. Production of Metal . - In the third step In the chain of treat- 
ment operations, the green salt is converted to uranium metal by reaction 
with magnesium at high temperatures. The metal agglomerate obtained in this 
reaction is melted in an induction-heated vacuum furnace and pured into 
graphite molds. In addition to this main process, which was carried out by 
Mallinckrodt, du Pont, Electro Metallurgical Co., in Hiagra Falls, Mew York, 
and Iowa State College in Ames, Iowa, two other processes were used in the 
early stages of operation but were later discarded because of lower quality 
metal obtained and higher cost. One of these processes, used by Metal 
Hydrides, Inc., in Beverly, Massachusetts, involved the reduction of brown 
oxide with calcium hydride and the subsequent recasting of the metal powder 
obtained. The second process, used by Westinghouse Electric & Mfg. Co., 



la Biocuf ieid, t$ow Jersey, ooiployod the ei«tt truly siu of groan salt in a 
molten calciwat ohioriue bath. Another proeess, never used on a production 
basis a -«e»3 also developed by -the Brush .Xboratory co,» in Cleveland, Ohio. 

To 1 January I#47, 3,900 tons of virgin aw*tal have bean produced 
at an operating cost, for this step, oi' ;>10, 120,020; and 1,420 tons of re- 
cast raetal have been produced at un operating cost of $1,219,600 (exclusive 
of the cost of V»oatinghouee produotion in the early stage of the program). 

11. Thorium . - Karly in it<46, the &&dtson fqu&re Area entered Into 
the procurement oi' thorium celt for the research project at Iowa ptate 
College. ?ol January "jLj ly47, ail oi' this raaterlai procured had been Ob- 
tainad from the Lindsay Light and chemiofti Co. under Gontraot w- 17-028 eng-33 
and ft-153-028 «ng-3S at a coat of ^60,980. 

12. Qua i .1 4 .y G on tr o 1 » - Krora the beginning of production of uraniua 
metal by the Manhattan District, it was recognised that the consideration of 
quality was of equal importance to that of quantity in setting up a require- 
ment program and that the attainment of the high quality required would nec- 
essitate a much more comprehensive program of tenting, both chemical and 
physical, than is ordinarily carried out in controlling the quality of mater- 
ial »iftnufaotured to usual ooraeroial t-tandarde. Accordingly, the program 

of operations provided for: routine process control testing in the labora- 
tories at oech of the individual production facilities* a system of central 
control laboratories for the analysis of composite maples from each pro- 
ducer and for research on zaethods of analysis? and certain physical tests 
on brown oxide and on raotal shipped to the X-10 process* 

The .magnitude 'if the analytical program, involving the deter- 
mination of some aixty elements to a low limit of deteotion of a few parts 
or fractions of a part per million, was such as to prevent the possibility 



of carry ...rig i% out at' each of the producers' laboratories, 1'haref orw, it 
was decided to limit the touting at each producer" s laboratory to routine 
control analyses and to have wore camprehoxisive analyses carriod on at four 
central control laboratories, at the Univorsity of Chir-^o ^taxiurgicai 
Laboratory in Chicago. Illinois, Princeton University in Princeton, »cfw 
Jersey, M&ssachueetts Institute of Technology in Cambridge, kaasachusetts, 
and the National bureau of standards in Hashing ton, D»C» She functions of 
the central control laboratories may bo swmiArlssed «*h follows: to perform 
analyse* as indicated in the quality control progranij to improve exiatittg 
mthodH and develop new methods of analysis? to act as a M flre brigade*, 
that ip, to supply special services needed in times of emergency to supple- 
ment the manuf aoturerB ' personnel and facilities; to analyse special mater- 
ials not covered in the quality control programs; and to give advice and 
guidance on the entire analytical program • ?ram experience gained in three 
years of operations, it was found that adequate control could be issintained 
by using the con tractors* organisations and employing only the Katlona 1 
Bureau of standards in the "f iro brigade" eapaoity, 

The cost of the quality control program has been approximately 
0838, i>30 to 1 January 1347. 

13. Aooountabllity .' ~ 'ihe enormous quantities of valuable Oovonvient 
owned uraniun-oontaining ma tor la is which were being processed and transferred 
froci one plant to another necessitated that an accountability program be es- 
tablished to enable close control to be exercised on all material* both for 
accounting purposes and for purposes of preserving the security of the pro- 
gran. ?o this end, a detailed system of accounting records, procedures, and 
controls vroe established, and continued surveys and studies of the material 
handling and processing operations war© undertaken, in clone cooperation 




with the various contractors who processed material for the Government . 

Procurement for K-25 - To 1 January 1947, procurement for 
$-25 totaled $32,497, 5$6. Of this amount, $11,725,750 covered construction. 
(App. S) 

Procurement for P-9 (Heavy Water Process) - Procurement of 
catalysts for this process by the Madison Square Area involved the expend- 
iture of $209,600 (App. 8). 

Procurement of Miscellaneous Materials for lr-10 - Procurement 
of helium for the Hanford Engineer Works was handled by the Madison Square 
Area for some time. The helium was procured from the Bureau of Mines by 
Government Transfer of Funds. An "off -gas 1 * recovery research program was 
carried out under Contract W-7412 eng-151 with E.I. da Pont de lemours A 
Co. (App. I) 

Procurement for Site T - To 1 January 1947, $6,340,051 had 
been expended for the procurement of materials for Site T. Of this amount, 
$132,236 covered the rental or purchase of radium and is included in the 
total cost of radium procurement given in paragraph 6 above (App. J). 
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MAMHATTA5 DISTRICT KISTOBI 



BOOK f H - FEED MATEHIAI5 



SECTIOS 1 - INTR0IUCTI08 



1-1. Objective . - The object ire of the fee<t materials program was 
the procurement of uraniua-contalning compounds and their conversion, In 
a series of refining and treatment operations, into feed materials for 
the processing plants at the Clinton Engineer Works and the Hanford Engineer 



l*" 2 * Scope . - The program Involved the delivery to 1 January 1947 
of about 10,000 tone of uranium oxide (B^Qg } in ore concentrates (more 
than the total quantity produced in the world prior to the start of the 
project), with final delivery as varied feed Materials to the several pro- 
cessing plants: i.e., uranium trioxlde (8Q3), "orange oxide* for the 1-12 
plant, electromagnetic process; uraniua hexafluoride (UP5} for the 1-25 
plant, gas diffusion process , and the S-50 plan* thermal diffusion process; 
and uranium metal for the JMLQ plant, pile process. Shipments of orange 
oxide to the Y-12 plant were discontinued in the spring of 1945 when the 
1-25 plant commenced operations. Shipments of hexafluorlde to the S-50 
plant ceased in the fall of 1945 when this plant's operation was discon- 
tinued. At the present time, feed materials are delivered to the K-25 
and £-10 plants only. The quantities of feed materials and other radio- 
active materials required by the processing plants necessitated the fullest 
exploitation of every feasible source of material, and the time limitations 
required that the program be carried out with the utmost speed to meet 
the anticipated needs of the processing plant. The initial objective 
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in the early day* of the project was to procure about 1,700 tons of 
black oxide in ore concentrates by the middle of 1944. Deliveries, in 
refined state, of the first quantities of material procured under the pro- 
gram vers required for experimental purposes in December 1942, and 
the stockpiling of refined metal for the X-10 process was scheduled to 
begin in Feburary 1943. The feed materials program alone, on the required 
scale, necessitated the establishment during wartime of what amounted 
to a relatively new industry on a scale of operations of roughly 25 
million dollars per year. 

1-3. Authorizations , 

a. general . - The Manhattan District project was authorized 
by the President of the United States pursuant to authority conferred 

on him by Public Law 86. 580, 77th Congress and Public Law Bo. 354 
(First War Powers Act), 77th Congress, as more fully described in Book I, 
Volume 1. 

b. Specific . - In a report to the President, dated 13 
June 1942, signed by J. B. Conant, Chairman, National Defense Research 
Council and 9. Hush, Director, Office of Scientific Research (k Development 
(GSRD), and approved by the Chief of Staff, the Secretary of War, and 

the Vice President of the United States, it was? recommended that research 
and development be continued and that design and construction of production 
plants for material for atomic fission bombs be started at the earliest 
possible date. This report was transmitted on 17 June 1942 by Hr. Bush 
to the President, who approved it. 
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X-4. QoQurrono8 f Uaes^ and Fro pfert ios of Uranium. 

a» Occurrence . - Uranium was disoovared in 1789 by Martin 
Heinrioh Klaproth who recognised the existence of the element uranium 
in the mineral ^hich ha a suae d Urauite. Uraniua is found in nature 
primarily in pitchblende and oarnotite*ores, and to a lesser extent in 
other minerals such as torbernite. The element radium will always be 
found associated with uranium in these ore* and mineral* in a fixed 
small proportion, and, in most instances, the ores have been mined and re- 
fined primarily for their radium oontent. the primary supplier of uranium 
and radium in the world markets for a period of several years prior to 
World War II was the Onion lllmiore du Haut Katanga, a Belgian Company, 
whioh obtained these products from its Shinkolobwe mine in the Belgian 
Congo of Af rioa (See Section 2). Important deposits also exist in the 
Eldorado mine in the Great Bear Lake region of Canada, whioh was owned by 
Eldorado Mining and Befining (See Section 3), although the ores from this 
mine are not nearly so rich as those of the Shinkolobwe mine. In addition, 
appreciable quantities of radium and uranium-bearing ores were obtained at 
one time from various mines in the Colorado Plateau region of western 
United States (see Section 4)» but these ores were of much lower grade 
than either the African or Canadian ores, and refining costs to extract 
the radium and uranium from the American ores were high. When the Belgian 
Congo and Canadian mines commenced production, the American mines oould 
not compete in the radium and uranium markets because of their high pro- 
duction costs, and production for radium and uranium in the United States 
was suspended. These American ores, however, were important sources of 
vanadium and were oomne roially mined and refined for their vanadium content. 
During this exploitation, the uranium oontent of the ores was discarded in 



the tailings. Certain oompanies did same experimental work in attempting 
to reduce the cost of the uranium refining operations, but no work was 
done towards the refining of radium from those ores because the quantities 
contained were so infinitesimal. In addition to the above-mentioned 
sources of uranium, there are known to be other deposits in Cz echo Slovakia, 
Portugal, England, Madagascar, and other countries throughout the world, 
containing varying percentages of uranium. 

b. Commercial Uses. - Prior to the start of the project, 
there had been no particular demand for pure uranium metal as such, but 
there was a small demand for the oxide in the ceramic industry and for 
the nitrate in the photographic industry* Consequently* tine ores were 
refined primarily for the recovery of radium, the uranium compounds, such 
as uranium oxide, uranyl nitrate, and sodium diuranate, being recovered as 
by-products* The common oonsneroial f onus of uranium were black uranium 
oxide, sodium diuranate, sodium uranyl carbonate, and uranyl nitrate. The 
first three were used primarily in the ceramics industry for color- 
ing glassware and pottery, imparting a beautiful yellow color to the 
articles to which they were added j whereas the nitrate was used for 
tinting photographic film* 

•* Fraportles. - There is included below a brief general 
description of some of the more interesting properties of the element 
uranium, and further details concerning the properties of this element 
may be found in standard texts such as "Treatise on Inorganic Chemistry", 
by Mellor, "Applied Huolear Physics'* by Pollard and Davidson, and simi- 
lar reference works* 

(l) Physical . - As found in nature, uranium atoms are 
of three kinds, indistinguishable chemically, hut of different mass. 



,\n atom «f the heavy kind weighs 238 times, one of the ini;sraediate kind 
236 tinges, and om of the lighter kind ?34 times, as much as an atom of 
hydrogea. oh is the lightest Imown. These so-called isotope* of 
uranium are always found in the same proportion i 99.3% of the heavy 
variety, 0.7$ of the intermediate variety, and a very minute percentage 
of the light variety > i.e., about seven out of every thousand uranium 
atoas are of the intermediate -weight 236 isotope. The discovery in 1939 
that %35 atoms oan be made to yield tremendous quantities of energy 
brought the element uranium from its position of relative obscurity to 
one of transcending importance. 

(2) Chemical . - Uranium is fairly active chemically, 
whioh property is altogether separate and distinct from its radioes* 
tivity. Consequently, uranium is generally found in nature as an oxide, 
just a* iron is most often found in nature as an oxide* As a matter of 
faot, pitchblende ore is essentially uranium oxide* 

(3) Radioactivity . - uranium is radioactive j that is, 
its atoms are unstable. The instability is similar to that of radium, 
and consists of spontaneous and uncontrollable transmutation at a def- 
inite rate into simpler (lighter) elements, with the simultaneous eject- 
ion of extremely small electrically charged particles (alpha rays), the 
lighter elements so produced are, in their turn, radioactive and undergo 
similar transmutations* Thus, a whole series of elements is continuously 
produced, each breaking down at its own characteristic rate, the quantity 
of each present depending upon the rate at whioh its parent generates it 
and the rate at whioh it itself breaks down. The uranium series ends 
with an isotope of lead which is not radloaotive. The rate of break-down, 
a distinctive property of radioactive elements, is measured as the "half- 
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life", that is, the time required for one half of a given quantity of 
the element to disintegrate. For the isotopes of uranium, the average 
half-life is of the order of two thousand million years; for radium, six- 
teen hundred years. Radium is a member of the uranium series which begins 
with the 23d isotope. It can thus be seen why radium (and all the other 
members of the series) is always found associated with uranium in nature, 

(4?) Relationship to Radium. - As pointed out previously, 
prior to the start of the project the primary object of exploiting the 
uranium-bearing deposits had been the recovery of radium; and uranium was 
in the category of a by-product. In 1941, the price of radium in large 
quantities was about $20 per milligram (1/1,000 of a gram) whereas black 
oxide (U3O3) was sold on the market in large quantities for about $2.05 
per pound. As there are about 454 grams in a pound and since radium occurs 
in uranium ore in the ratio of only one part in every three and one half 
million parts of black oxide, it can be seen that for each pound of black 
oxide worth $2.05, the ore contains about $2.60 wort Ik of radium. 

The primary demands for radium were for medical purposes, lum- 
inous paint, and industrial radiography (for example, in detecting 
internal flaws in metal eastings). The- material used in luminous paints 
was mixed with other constituents and applied to a great many articles 
and, hence, was lost permanently, the material used for medical purposes 
and radiography was contained in capsules and because of its long half- 
life, remained essentially unaltered in form and quantity from year to 
year. 

To produce the annual prewar requirements of radium (approxi- 
mately 35-40 grams), there resulted as a by-product about 160 tons of 



refined uranium compounds such as black oxide and coda salt (HagtfgO?) 
which the radium producers were juat able* to dispose of to the ceramics 
industry and other customers. .In fact, it appears from limited inform- 
ation available concerning this industry, that only during the last few 
yearij prior to the war did anything like an even balance exist between 
radium sales and uranium sales. 

3.-6. Development of Program . - At the outset, it -was planned that 
all operations in connection with the project would be performed by one 
prime contractor, the Stone & Webster Engineering Corporation, However, 
as the program developed, it became apparent that it would be desirable 
to engage directly the services of other industrial organizations, in 
order to spread the load of many complex and perplexing problems among 
the best technical and operating personnel available in Amerioan industry. 
During the latter part of 1942, when the feed materials program began to 
take shape, it was recognised that the program fell into several general 
phases; i.e., location of raw material souroes, procurement of raw mater- 
ials, and refining and treatment of the raw materials to develop the 
proper feade for the processing plants. Distinct lines of separation be- 
tween these phases often could not be tirawn since, frequently, operations 
in one phase included of necessity operations in another phase. For ex- 
ample, additional supplies of Belgian Congo ores were revealed while 
negotiations were being conducted for procurement of previously disclosed 
supplies; uranium from Canadian sources was bought as refined black oxide 
and not as raw ore; while uranium from American souroes, in certain in- 
stances, was purchased as refined sodium salt rather than as raw ore. 
Essentially, however, the plan of operations was: (1) the looation of 
adequate quantities of raw materials, (2) the prooureiient of materials 



in raw, semi-refined, or refined state a, (3) the refining of raw materi- 
als, and (4) their treatment to obtain feed materials, in the necessary 
quantities and high degree of purity, required for the processing plants 
(App* E-70). 

In general, procurement of ores from producers was handled under 
unit price contracts (See Part B, Procurement)* The construction and oper- 
ation of the various refining and treatment plants were handled, for the 
most part, under oost-plus-fixod-fee contracts and administered,, success- 
ively, by the Manhattan Distriot Materials Section and the Madison Square 
area (See Part C, Refining and Treatment | and flow diagram, App. Cl). 
1-6, Procurement. 

a. Uranium-containing Materials* - It was realized from the 
start that, of the three available principal deposits containing uranium 
compounds (mentioned above in Par* l-4a), the most important from the 
standpoint of both quantity and riohnaas of ore was the Shinkolobwe mine 
in the Belgian Conge, and it was apparent that the bulk of the ore re* 
quired for the project would have to come from the Belgian Congo* Accord- 
ingly, every effort was made to procure the maximum ore possible from this 
rich source, in addition to all that could be obtained from the Canadian 
and domes tie sources (App* El)* 

Initial procurement of blaek oxide was begun in 1941 by the 
OSRD, who handled research work prior to the formation of the Manhattan 
Distriot, and provided the source of uranium for the very early work in 
oonneotlon with the project* In July 1948, the first order for blaek 
oxide was placed by Stone « Webster for the account of the Manhattan Dis- 
trict . With the rapid development of the soope of the project, the raw 
material procurement activities, in the latter part of 1942, were re- 
linquished by Stone a Webster and assumed, up to. August 1943, by the 



Manhattan District Materials Section/ and^ since August 1943, by the 
Madison 3quare Area* 

b. Miscellaneous Materials* - In addition to uranima-eontain- 
ing materials, whioh were of primary interest in the feed materials pro* 
gram, other auxiliary substances, suoh as radium and radium-neutron ' sources 
and radioactive lead, were procured for other projeot installations and pro- 
grams (See Section 6), 

1- 7. Raw Material Prices * - The extensive feed material requirements 
made desirable the procurement of all available uranium in the world which 
oould possibly be acquired* Thus, ores varying widely in grade, and pro- 
duets at various stages of refining, had to be procured, and, consequently, 
no uniform price could be set for these uranium-bearing materials. 

Material prooured from Africa was obtained from the African 
Metals Corporation, which was by far the largest supplier of ore concen- 
trates for the project, and the concentrates obtained from them were pur- 
chased at prices ranging from $1*00 per pound to #1.90 per pound of con- 
tained U3O8. All of the African ores required subsequent refining. How- 
ever, a minor portion of the materials prooured from this source was re- 
fined salts, which had been produced prior to the inception of the project, 
and the current market prices were paid for these materials* 

In the ease of the Canadian source, the material was paid for 
on the basis of delivery of refined blaak oxide at a price of #1*95 per 
pound of black oxide produced, or approximately $2*01 per pound of con- 
tained O5OQ. Because of increasing costs in mining and refining opera- 
tions a later oon tract for black uranium oxide from Canadian ore was made 
at a cost of approximately $6.00 per pound. 

In the case of materials procured from American sources, the 
bulk of supplies was derived from the purchase of low-grade tailings 



(from vanadium operations), whi oh were obtained at prices ranging from 
$0.20 per pound of recoverable tfgOg in low-grade tailings to $1.50 per 
pound of contained tJ&Og in more highly refined uranium-bearing sludges 
(See App« PS). All of the materials obtained from domestic sources re* 
quired subsequent refining. 

It should be noted, however, that a true comparison of cost a 
cannot be made on the basis of the price of the contained UsQg in ore 
alone, because of the wide variation in grades and types of material, with 
the resultant difference in the cost of refining to recover the uranium 
content* 

The bulk of the materials purchased on the open market was 
obtained at the current commercial market prices paid by the ceramics 
trade, the principal commercial user of various refined uranium com- 
pounds; i.e., $2*06 per pound of black oxide, $1.86 per pound of soda 
salt, |0.7S per pound of sodium uranyl carbonate, #2*36 per pound of 
uranium nitrate, etc* 

1-3 • Refining and Treatment. - At the beginning of the program, the 
only plants available for refining raw ores to black oxide were those of 
Eldorado Mining and Refining, and Vitro Manufacturing Company, who had 
been processing uranium-containing ores to commercial grade black oxide 
or soda salt (App. F7). It was soon apparent that these plants did not 
have sufficient capacity to process the quantities of raw material which 
would be required. Late in 1942, the Sid or ado facilities were enlarged, 
and it was also decided to have Linde Air Products Company construct and 
operate a plant to refine low-grade pitohblende ores and the oarnotite 
.(App. A) concentrates which would be obtained by the preliminary treat- 
ment in Colorado of tailings from vanadium operations in the Colorado 
plateau region- 
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The nature and sequenos of the black oxide treatment operations 
(to convert refined black oxide, in a aeries of steps to feed materials) 
was established in the late fall of 1942, and oonstruotion of manufactur- 
ing facilities was pushed ahead with all possible speed* 

the first brown oxide pi suit, at Mallinokrodt C hernia al Works, had 
been in operation since May 1942 under a contract with OSRD. Plans were 
made to enlarge this plant and to construct, additional facilities at Lind«i 
and B. I. du Pont de Nemours a Company* The Mallinokrodt expansion was 
completed early la the spring of 1948, the da Pont plant started oper- 
ations in June 1943, and the Linde plant in August 1943* 

Harahaw Chemioal Company had operated a small -aoale green salt* 
plant (App» A)- under a contract with 03KD, as had du Font at the Jackson 
Laboratory, and arrangements were made in the summer of 1942 for the 
Manhattan District to take over these plants* The Harahaw plant was ex- 
panded during the early part of 1943, and a new plant was cons trusted at 
the du Font Chambers Works, which started operating in February 1943* Two 
other green salt plants were built, one at Hallinokrodt, which started 
operations in the spring of 1943, and the other at Linde, which came into 
production in October 1948* 

Metal Hydrides, Incorporated, and Westinghouse Sleetric and 
Manufacturing Company were operating plants for the manufacture of metal, 
-(App* A)* under contracts with OSRD, at the time the Manhattan Di at riot came 
into being* In addition, research on new methods for the manufacture of 
metal was being carried on at Iowa State College and Brush Laboratories* 
In October 1942, it was decided to concentrate on the Iowa State College 
process, and contracts were entered into with Mallinokrodt, Electro- 
Metallurgical Company, and du Font for the oonstruo tion of the necessary 



plants. In addition, plana war© made to expand the Iowa State College 
pilot plant, and this expansion was oompleted in March 1943, a month 
prior to the startup of produotlon at Electro Metallurgical Company* The 
du Pont plant began operation in the spring of 1943, while the Mallinckrodt 
plant started production in July 1943. In the fall of 1943, the Westing* 
house and Metal Hydrides processes for the manufacture of metal were dis- 
carded because of higher costs and lower yields than the Iowa State Col- 
lege process* Metal Hydrides, however, continued work for the project 
and recast scrap frost the X-10 fabrication operation (dee Part C)» 

l-9« Research and Development* - In view of the fact that prior 
demands for uranium had been relatively small compared to the large 
quantities required for the project, and since the contemplated use of 
the ante rial involved obtaining highly purified forms never before devel- 
oped on a commercial scale, it was necessary to devise new methods and 
procedures throughout all stages of the refining and treatment operations, 
the critical need for uranium demanded that wastes from the refining and 
treatment operations be held to an absolute minimum and that such wastes 
be recovered, if possible, and reintroduced into the system* In additions, 
the time schedules required that all operations be oonduoted with the ut- 
most speed. Inasmuch as previously existing production facilities had 
been geared to a very small demand, extensive research and development 
work was neoessary to combine efficiency and speed of operations. Ac* 
oordingly, several contractors conducted oareful studies and research pro- 
grams in conjunction with specific operations (See Part 0) to devise ways 
and means of performing operations which had never been performed before, 
to develop alternate^ methods, and to improve current processes. The cost 
of research and development activities to date had been about $2,530,760* 
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1-10. Recover Operation? and By-Produces. - Throughout the refining 
and treatment operations, elaborate measures were taken to aalvage by- 

those materials aa feed for recovery operations. For example , the turn- 
ings resulting from the operation of machining the slugs (metal rods^uaed 

drical-ehaoed billets* and reintroduced as feed for the extrusion and 
machining plants. Likewise, the aheared-off ends of extruded metal rods 
were recast to billets. In addition, the by-products of the metal re- 
fining and treatment operations were re-treated in the da Pont recovery 
plant, and the recovered uranium content was introduced aa feed for the 
brown oxide plants. A total of four plants was involved primarily in this 
reclamation procedures the du Pont recovery plant j the Hooker Electro- 
chemical Company slag plant, which concentrated certain alag for delivery 

billets from scrap ends of the extruded bars and other solid metal scrap; 
and the Iowa State College turnings preparation and recasting plant, which 
reprocessed the tmrnings from the slug machining into metal billets (*pp» 
CI). This latter plant ceased operations in the winter of 1945 at which time 
the Banford Engineer Works took over the turnings preparation operation and 
shinned the nressed briauettes to Metal Hydrides for recast ins to billets. 

Although the uranium-containing by-products were reintroduced 
as feeds whenever possible, those by-products whose reprocessing was not 
economical were normallv stored at their point of origin, for security 
reasons, and In order that the uranium content would be retained for 
possible future recovery. Certain other by-products, such as recovered 
hydrofluoric acid and potassium fluoride, which do not contain uranium and 
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which could be disposed of without Jeopardizing security, were disposed of 
to commercial manufacturers, in accordance with standard War lepart&ent 
policies as expressed in Procurement Regulations paragraph 363 and Technical 
Manual 14-910. 

1-11 » Hesults . - fo date, both the procurement and production ob- 
jectives of the program have been successfully achieved. As to the pro- 
curement goal: the project has procured a total of about 10,CC0 tone of 
83Q3 in ore concentrates. Of the raw material delivered to 1 January 1947, 
72% has coma from the Belgian Congo, 9% from Canada, 145* from the Colorado 
plateau region, and 5% from miscellaneous sources. (App. 173*) 

Concerning the production goal: research and development work, 
construction of large-scale plants located throughout the country, solution 
of numerous and highly complex technical problems, and operation of the 
plants to produce the varied feed materials never before made on a coaaser- 
cial scale have all been accomplished within the time schedules which were 
established. The initial requirements of metal for experimental work at 
the University of Chicago had been filled by June 1943* and accumulation 
of metal for Clinton Laboratories and the Hanford X-10 plant was begun just 
prior to that time. In October 1943, the initial shipments of orange oxide 
to the T-12 plant were begun; and in July 1944, deliveries of hexafluoride 
for the 5-25 and S-50 plants began to reach significant quantities. To 
1 January 1947 approximately 6,600 tons of uranium or its equivalent, in- 
cluding recast metal, were produced to meet the requirements of the sev- 
eral processing plants; and it may be noted that at no time were deliver- 
ies to any processing plants behind the forecast requirement schedules (App. 
ML, D2, P3). 

1-12. Future Considerations . - The completion of the program will 
bring about a number of problems with certain foreign interests, problems 




in connection with the disposition of the residues from the raw ores as well 
as by-products of processing operations, and, finally, the disposition of the 
several refining and treatment plants themselves. As described more fully in 
Part B, the procurement arrangements made with African Metals Corporation 
provide for the purchase of only the uranium content of the ores by the Govern- 
ment J the storage dnrpreservatiom of the regaining components of the ores, in- 
cluding the highly valuable radium content^ and the return of these remaining 
to the supplier. In addition, lane stocks of vanadium ocntoxide . 

cumulated as by-products of the refining operations . These products have 
been turned over to Army lavy Monitions Board for their metal stockpile. 

1-13. Costa . - The estimated cost of the feed materials program, 
exclusive of Q.S.R.D. costs, to 1 January 1947, was #90,268,490, which 

$58,622,360 for refining and treating the raw materials to produce high 
purity feed materials in the required forme, and #3,357,690 for research 

^aa^^J ^Upv^ ^ftl^SjPJBWB©^^^ ^MS^I ^pl^fc^Lilti'^^ ^t^Ja5^UHj3* ^s\^5't^L^^it'^L^we5 ^e^^pjj.m ^^^^^^^J ^r^^^^^^^fr^^^^ ^fclj^e^ ^ 

procurement of radioactive lead} $547,160 for radium, exclusive of that 
cured for Site Tf $60,520 for thorium salt* Of the refining and treatment 

ment-owned facilities, $46,384,510 was for operaUon of all facilities, in- 
eluding those previously existing or privately owned (Jpp. F8 and 172). 

The total cost of the feed materials oroeram mar be allocated to 

I 

the processing plants approximately as follows s $67,913,330 to the X-10 
process, $15,881,530 to the K-25 process, $1,964,280 to the 8-50 process 
(including the favy Tard Pilot Plant), $1,013,500 to the 1-12 process, and 
$3,495,790 to miscellaneous uses. 

1-14* Organization and Personnel, - The direction and supervision of 
the procurement and refining and treatment phases of the feed materials 



program were hand lad, for the most part, by officers on the staff of the 
District Engineer. At the outset, when the scope was relatively small and 
it was planned that the design, construction, and operation of the program 
would be performed by Stone & Webster Engineering Corporation, that company 
made the preliminary arrangements for the initial procurement of the raw 
materials* However, when the scope of the project began to expand and it 
was decided to confine the activities of Stone & Webster to the design and 
construction of the T-12 plant and supplementary facilities, the initial 
procurement of ores and arrangements for refining and treatment were 
handled by the District Engineer, Col* J*C» Marshall, and his Deputy, 
Col* J.D. Niohols, who subsequently became District Engineer in August 
1943* In October 1942, the Materials Section of the District office was 
organized under the supervision of Lt* Col. T.T* Crenshaw for the adminis- 
tratlon of the feed materials program and remained under his direetion 
until July 1943* He was succeeded by Lt. Col* J.R. Runoff, who had been 
his assistant* Lt. Col* Runoff continued directing the work of the 
Mate rials Section and, later on, became Area Engineer of the Madison Square 
Area, which was organised to continue the work of the District Materials 
Section when the District office was moved from Sew fork to Oak Ridge, 
Tennessee, in August 1943. In October 1944. Lt* Col. Runoff was succeeded 
as Area Engineer by Lt* Col* W.B. Kelley, who was in turn succeeded by 
Colonel G.W. leeler in April 1946* 

There are attached ( App. Bl, B2, B3,) charts showing the 
organizations involved in the procurement and refining and treatment of 
raw materials, as of ] January X/ 1943, 1944, 1946, 1946 and 1947. In 
addition, a ohart (App* B4) shows the names of key contractors' organiza- 
tions engaged In procurement and refining and treatment operations, and 
the general relationship of these organizations to Madison Square Area and 



the sub-areas, as of j January 1946 aad 1 January 1947. 

The key personnel concerned with the feed materials program 

were as follows i 

Madison Square Area 

Col. G.W. Beeler «• Area Engineer, Madison Square Area, 

April 1946 to January 1947. 

Lt. Col* T.T. Crenshaw - Head, Materials Section, October 

1942 to- July 1943. 

Lt. Col* J.R. Ruhoff - St. Louis Area, July 1942 to October 

1942) Assistant to gsad. Materials 
Section, October 1942 to August l943j 
Area Engineer, Madison Square Area, 
August 1943 to October 1944. 

Lt* Col* W.B* Kelley - Area Engineer, Madison Square Area, 

October 1944 to April 1946* Deputy 
Area Engineer, Madison Square Area, 
April 1946 to January 1947* 

Lt* Col* J.B* Vance • Head, Research and Development Sub- 

Scot ion, Hovember 1943 to April 1946 1 
Area Executive Offioer, April 1946 to 
August 14, 1946* 

Lt* Col* A.W. Oberbeelc • Executive Officer for Operations, 

April 1946 to January 1947* 

Lt. Col. R.J. Walsh, Jr. - Executive Offioer for Administration, 

July 1946 to January 1947* 

Major Q.W. Russell - * Area Executive Offioer, April 1943 

to Hovember 1944* 

Major 0. Hadlook - Materials Section, September 1942 to 

August 1943 i Teohnioal Offioer, August 

1943 to October 1944 j Area Exeoutive 
Officer, Hot ember 1944 to April 1946* 

Major P.L. Merrltt - Materials Seotion, October 1942 to 

August 1943 f Head, Raw Materials 
Section, (now Raw Materials Division) 
August 1943 to January 1947* 

Major O.H. Greager * Teohnioal Officer, May 1946 to 

March 1946. 




Major E.A. Brinkman - Administrative Officer, August 

1943 to November 1944* 



Major Tf.G. Akeley - Raw Matarials Section, January 

1944 to November 1944 j Administra- 
tive Officer November 1944 to March 
1946. 

Major W.W. Stagg - Labor Relations and Safety Officer, 

August 1949 to November 1944* 

Major D.G. Sturges - Materials Soot ion, October 1942 to 

February 1943 j Head, M. Production 
Section, February 1943 to October 
1944) Assistant to Technical Offi- 
cer, October 1944 to August 1946. 

Capt. R.D. Morse - M. Production Section, March 1943 

to April 1946* 

Capt. L.C. Burman - Materials Section, November 1942 

to August 19 43 | Special Materials 
Section, August 1943 to July 1944; 
Haw Materials Section, July 1944 
to June 1946. 

Capt. W.M. Hoarcn - Special Materials Section, January 

1944 to March 1944j Head, Special 
Materials Section* March 1944 to 
Juno 1943. 

Capt. M.L. Seeker • Assistant to Area Executive Officer, 

September 1943 to June 1944} Bead 
Control Section, Juno 1944 to May 
1943. 

Capt. S. MoXenzie - * Assistant Administrative Officer, 

September 1944 to February 1946* 

Capt. L.G. Baa sett - Analytical and Reports Sub-Seotion, 

April 1943 to November 1945. 

Capt. C.H. Bunker » Property Officer, January 1944 to 

March 1946. 

Capt. B.W. Menke - Intelligence Officer, January 1943 

to September 1944. 

Capt. J.L. Davie s * Intelligence Officer, July 1944 to 

June 1943. 

H.J. Sentlff • Accountability Section, August 1943 

to February 1946» 



P.M. Belmore - M. Production Section, February 

194? to October 1944; Head, M. 
Produotion Section (now Production 
and Accountability Division). 
October 1944 to January 1947* 



G.O. Self ridge Raw Materials Division, October 

1946 to January 1947. 

p. Zeitlin - Bead, Special Projects Section, 

July 1943 to October 1945. 

0.1. Winters * St* Louis Area, April 1943 to August 

1943; Madison Square Area Research 
and Development Section, August 1943 
to Hovember 1944. 



R.B. Chipman • Iowa Area, January 1943 to April 

1943; M. Production Section, July 
1943 to December 1944* 



3* Sturges - Materials Section, December 1942 

to August 1943; M. Produotion 
Section, August 1943 to January 
1944* Speoial Projects Section, 
January 1944 to September 1946* 

A.A. Levin - District Legal & Contracts Section, 

October 1943 to August 1943; Bead, 
Madison Square Area Legal and Con- 
tracts Section, August 1943 to 
October 1946* 



M.S. Lokietz 



S.P. Sullivan 



J.P. MoKee 



L.J* Cotton, Jr. 



Head, Madison Square Area Legal and 
Contracts Section, March 1946 to 
January 1947 o 

District Audit Section, December 

1943 to August 1943; Head, Madison 
Square Area Audit and Cost Section, 
August 1943 to August 1946* 

Head, Madison Square Area, Audit 
and Cost Section, August 1946 to 
January 1947* 

Administrative Division, November 

1944 to February 1946* 



J.S. Qui dor 



Administrative Division, April 1946 
to January 1947. 



Tonawanda Area 



Major E.L. Van Horn 

Capt. W. Thomas 

Wilmington Area 

Major W.L. Sapper 

Major Dewey V* Stowera- 

Major C.W. Swartout 
Capt. 0. Bergella - 

Capt* 0«L. Byan 



Colorado Area. 

Major P.O. Leahy 
B* Alexander 

Cleveland Area 

Major H.S. Benbow 
Capt« Wm. B. Dal ton 



St, Louie Area and Iowa Area* ' 
Major J.H. MoKinley 

Major H.A. Sari gay 



Area Engineer, Hoveaber 1942 to August 
1946. 

Operations Officer, November 1943 to 
Mareh 1946. 



Area Engineer, Deo saber 1948 to November 
1944. 

Area Executive Officer, March 1948 to 
November 1944) Area Engineer, November 1944 
to October 1946. 

Production Offloer, January 1943 to 
November 1944. 

Production Section, July 1943 to November 
1944) Production Officer, November 1944 
to October 194Sf Area Bag laser, November 
1948 to Pebruary 1948* 

Area Engineer, Pebruary 1940 to January 
1947. 



- Area Engineer, March 1943 to August 1946. 

* Tonawanda Area, Pebruary 1945 to December 
194 3 i technical Offloer, Colorado Area, 
December 1943 to December 1945. 



- Area Engineer, Pebruary 1944 to Jane 1944. 

- Assistant to Area Engineer, pebruary 1944 
to June 19 44 | Area Engineer, Jane 1944 to 
November 1944, and June 1945 to December 
1946) Assistant Administrative Officer, 
Madison Square Area, November 1944 to June 
1945 and December 1948 to March 1946. 



Area Engineer, November 1942 to November 
1943. 

Area Engineer, November 1943 to August 
1944. 




Major P.S. Finn 



Area Engineer, August 1944 to 
November 1944. 



Capt. E„M. Velten 



Beverly Are* 

Capt. D. Duffer 



Assistant, Noveisber 1943 to November 
1944; Area Engineer, November 1944 to 
January 1947. 

(Iowa Area established in July 1943) 



Area Engineer, January 1943 to January 
1944, 1. Production Section, Madison 
Square Area, January 1944 to January 
1947. 



Mallinckrodt (Brown oxide, green salt, aetal) 

Mr. J. Fiatere, Jr., Secretary 

Mr. H.T. Parr, Vice Pres. 

Mr. 8.1. Thayer, Project Manager 

Harahaw (Green salt, hexafluoride) 

Mr. W.J. Rarsbav, President 

Mr. K.E. Long, Director of Heeearch 

Linde (Black Oxide, brown oxide, green salt) 

Mr. J. A. Holladay, flee Pres., Electro Metallurgical Col. 
Mr. T.J. Coleaan, Plant Supt. 
Mr. A.R. Holmes, Plant Supt. 

ElectroMet (Metal) 

Mr. J. A. Etolladay, fiee Pres., ElectroMetallurgical Go, 

Mr. B.C. Forbes, Supt. 

Mr. S.M. Briney, Asst. to Research Director 

du Pont (Brown oxide, green salt, seta!, scrap recovery) 

Mr. S.W. McCune, Jr., Mgr., War Products Elv., Orchem Dept. 
Tr. R.W. EUey, Director of Beeearch, Orchem Dept. 
Mr. E.W. Fielding, Area Supervisor 
rr. J.M. Clark, Asst. Area Supervisor 

Metal Hydrides (Metal, scrap metal recasting) 

Dr. P.P. Alexander, President 
Dr. R.J. Anicetti, Plant Supt. 




Weatinghouse (Metal) 

Dr. J.W. Mar den, Asst. Director of Research 
Sr. A. Frankel, Business Mgr. 

Iowa State College (Metal, turnings recovery) 

Dean H.7. Gaskill, Dean of Science 
Dr. F.H. Spedding, Project Mgr. 

0. S. Vanadium Corp . (Concentrating ores and tailings) 

Mr. B. Borwell, Vice Pres. 

Mr. J.L. Robinson, Supt,, Colorado Operations 

Eldorado (Befining of ores) 

Mr, G. LaBine, Prealdent 
Mr, A. Boss, Plant Supt, 

Vanadiws Corp. of Amerioa (concentrating ores and tailings) 

Mr. 5.D, Bran some, President 

Mr. D. Viles, Plant Supt, 

Vitro (Refining of ores to soda salt) 

Mr. B.M. Fleck, President 
Mr, A.J. Strod, Vice President 

Princeton gniveraity (Quality control, Analytical) 

Dr. M.R. Furman, Prof, of Analytical Chemistry 

Mas a. Inst, of Technolog y (Quality control, Analytical) 

Dr. G.R. Harrison, Dean of Science 
Mr, R. Kent, 3<!.> Project Manager 

Yale PniTeraitr (Research on ore extraction and refining) 

Dr. A. Rill, c hairaan of Cheaistry 

Dr. H,S. Earned, Prof, of Physical Chemistry 

Rational Bureau of Standards (Quality control, Analytical) 

Dr. C.J. Sodden, Project Manager 

Mr. J.G. Thompson, Chief, Metallurgical Section 

Mr. B.F. Scribner, Chief, Spectroscopy Section 
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2-3L. Ogwatlwaa, - < 2he Shinkoiobwt mine, loeatod la the south- 
eastern earner of the Belgian Congo« hen provided the Stoahatten Dietriet 
with the riaheet end neat abundtnt source of urAnluk-bowrine, raw m~ 
teriale (App. @8) • (felon ainiore du Bntt Katanga, a Belgian eonpaay* 
owned the controlling intereet in the ehlnkolobwe nine and all aaVe* 
in the l&tited Statee were handled lay the Afrieen Hotel* Corporation of 
How York* flew York, ffce axtrene riobneaa of the nine** ore, aeeajrittg 
a* hi|^ a* to ?8# hee enabled tteien Hiaiere dn Heat Katang* 
sad its agent* the Afrieen tfittaie Corporation, to dfcnlaete coHsaotely 
the radim and uranlun narkot ewr elnee the bogijaniiig of the nine's 
pro&wtiott in about 1929* 

?he nhiakoiobow mtm wn* diaooverod in 1919* butt produotton 
did not begin until after Wor%4 Rer X* Prior to 19&* tho Sninkoi©i»» 
nine operated intern! ttently no tho nerket for nwilint repaired* and* In 
19&1 it wen reopened eftor beinc eleeed for several years. 3h 1938, on 
oro treatment plant was eonetrueted, prianrily for tho reoo-very of 
precious astals ooeurring in tho oro* Bowwver, beoauee of poor world- 
wide flpiiHtwffifo oonditioue, sales of redlini and uro&iun were not oojo* 
nsnsurats with mining end reoowry of preeieus aetaia. As a oenoe%uenee, 
large eteok* of ore eontolning redltei and uranlun were enounulated. 
@aough radiun and urauluw in oro were contained in a took pile* to 
satisfy tho ordinary ooonoroiol Market for apj^osdnately £0 years. 
Therefore, tho mining and recovery operations were « topped in 1997* 

Prior to tho Ifcnhattaa District project, aining operations at 
Shinkelobwe had boon eonduotod primarily for tho recovery of radii* in 
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subsequent rofinlag ©pwreifcion* «t iSnltai i4ini«*ro*a refinery at Ooisui, 
aelgiuaa. fm xatmiim. and other prooioua laatala ctaataiae4 in tha ora 
ware oo-naiil*»red aa by-protiuate of radium production. %oa«aa of the 
axtraaely high mlua of t^u» padttaa aad other precious aompos&ista of 
tha ora, axoluaiva of ureaiua, it nu uadajiirabla for tha tfeitad Stvta* 
Go^maaftt to baooiaa iavol*ad« air»r an axtaadad period of %Sj»a» in 4is- 
poaiag of tha radium and other by-protiuota to tha cosn&eroial rsetrkote of 
tha aorldj aad feaoauaa IMion Mlnioro waa not daairoua of roilJE^iwiBhiai; 
its ooatrol ©far tha radlim swtet* aa arrangeraaat woa a»de wfcaraby oniy 
tha mmim aeataot of tha oraa «ma -too ba purohaaod, tfala pla» ma 
followed la »wf| aon*rtM9« for tha prootiranant «f Afrioaa ora, with osa 
oxoopisioa, 4frio«a itotaU Contract at*g~£?9 (ajp* 320;. 

iSaaapt for tho purohaaa of af pjraj&xatfsaiy 11* tona of 
in ora which m* oiaad froa an opan out at tha shinkolobwa mXm 
(African Attala flMNUNI an«>$#&)# all ora purohaaed two obtained Iran 
aoouandated a took piiee (App. It)* Appraoeiiaa^ly 7S7 tana of 0$% ee»* 
t&iaad In 1,£00 tone of doj5 ora erne obtained from a stock pi&a «hieh had 
beau ehipp*d ay African itotals froa the Belgian Coa^o to the Unitod States 
during l*t*er half of 1948 end etered at the Arch»r~D«iniole-Mldl«uid 
CasipRAy Warehouse at Fart ftiohnend* State* Island* Haw York (&pp. Id). ■ 
Previously, all raf iaing of oraa had been conducted at Union ?aal«re'i 
refinery at Colon, Ifelglun* Ile^aver* In view of the aoriouanoao of tha 
Iweponn situation in I960* ah«n the Asia force* wara im obsolete 
destination of the continent of Swop* and wara mrk&g rapidly aorosa 
!forth Africa, this ora had been shipped to tho {Mtad'itataa both for tha 
purposa of prevaatlni; Ita falltttg late tha haada of the woeny m& for 



possible u<io In nhi* oouatry ituriag, the war. the fact that this an~ 
fcerial ms in tM* country vhui well known in trade aivcl&a, as there 
was ao georeb regarding the iaportation of uimiun ore At that titsis* 
Xhe ready availability of this stock pile sade possible the early oat- 
perlnents end trials in refining processes} nod the initial prooursaeat 
of ore was «ade fros this stook pile* with the option to purchase 
reaainder of the saterial stock-piled in the United States as well as 
the additional quantities atook"piled at the Shinkolobwe nine. 

4s of I January 19*7, approxitts.tely 3*999 tons of 
contained in about 29*734 tons of ore* varying frost shout 3^ to 6»)g 
UgO| content, had been contracted for Irnsi African sources «t a total 
ooat of approximately *8 # 113,8Q0. In addition to this anteriel obtained 
by contract, title to approxlnately 9*144 tons of %0& in ore had been 
prooured by the Washington offioe as of 1 January 1S>4? at a total cost 
of a^roxinateiy §10*267,600« 

2-8. Contract Hefeoti»tlott «. - &frioa» ores ware purohased by the 
Hanhsttan District an the bonis of the recoverable ««ntcnt. *^bm 
the early eentraots were negotiated* sufficient data as to the amount of 
8$0 8 recoverable fron the ore wire not available* m a result* the oalou- 
intloa of the percentage of GjOg. contained in the ore to be paid for by 
the .Manhattan District was of necessity based on the available Informa- 
tion concerning the recoveries at the Onion Minlere*s refinery in Belgium 
and also on the percentage reoevery which would be guaranteed by the two 
largest refining eenpanles in North asteriea* Bl dorado fining mi Hefining 
(see par* 3*1) and the Vitro Msnujforfcurlng OoMpeny (App« HS). At that 
tiae, Eldorado, whioh of these two eonpsnles had the greater refining 
knowledge sad experience* would not guarantee * recovery of more than 
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S0# of *he %% oonuAinod Jua tit* ere. therefore, |a the first preoiaro~ 
aeat coatraot, the Covernaoat egreed to pay for only 9<# of the 
oefttelaed la the ore. 

- & ?rio« of #1.00 per pound for ea 8Qj£ %% reoevery «** 
agreed wpew for the original let of ©re precenitod. Shie priee we* 
Arrived at by taking, the ourreat wholesale Market prlee for bleak 
oxide, low the aorsal oewsf&fwicti an aeles to wbc&eaelors. lee* the 
-oat of refining tlx* ore. The eholeeeie prie* of black oxide wee #$«0§ 
per pound, wmiaaiem m aalee to eheleeelera were epproxii»tely $0«d§ 
per poMKd, «»d the ooet of refitting a* eetabiiahed by Ildemde wee §0.60 
per pound. 

During stdwequeat aegotiefcloaa for the |>roowe»»at of ad* 
ditiootd lot* of ©re # Afrieaa Mstxla stated that thi* initial prioe of 
£1.00 per pound of reoovumiile 9g0^ waa ooamidorably lower *om the 
aotu*l mlue of the ore to theew Afrloea Uttaie baaed the "WeXuo of 
the or* to them aa the sole priee of refined bleak oxide attune tbe 
refining eoat in Belgium end freight retee m the blaok oxide fro* 
Belgium to the United State*, la 1941 end . IMS* African tfetala eoid 
blftok oxide in the United Stabee for U.06 per potent* African leitele 
eebiambad the refining ooet of ore to bleak oxide In Belgium to be vO.30 
per pound of blaefc oxide (en oonpered to the Sldorado refining ooet of 
|0.«0 per po«ed) • the e^rexiemte freight emerge on bleok oxide fron 
Belgium to tfeltod States prior to the ev wee $0*0$ per pound, ftnts* 
«H& this beeis, the eelee value to Afrieen Utele of U^Og in ore ens 
shout #1.80 oer pound of reooTroreble tf$Qg content, f.o.b. Belgium* 
fhis premise we* not eooepted by the Oowrinnwit, «e indloated by the 
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faet th&fe the amraip ooat p»r pouad of recoverable Hg$g i& oro bougfet 
to data &a #UML the »rioe ri aa trm tka arista*! ilgura of #1.00 per 
pound for of Uu> ooataixted Ug% to am avaraga of #1*12 par poumi 
m* baaed upon tjh* faet that aubaaguaat refining op«*ral!ieiia at Eldorado 
proved that t&ay could raoovar oo&a£darably 8»ra- than tha original 
sati mated 80^. 

l*h«» proour«nsa>at of Afriean. oraa ma ttueoispliahad uadar *tea 
ooutraots and ^uruh*a® ardors aiiowft in A|»p. ?1 (also eee Apf>. 216) » 
2-3. TrftaB^or t fttion, of Qra f row flffificau - ?h» tra&agortatioa 
dariaj; wtte of 2arga ahipaanta of vitally needed aatserial weoeaair- 
tated the ut>o oi* extras* oare in a©h»duling oporatitas© waul eMfaaa&te. 
txnnasmh «e tit** oubmriue saeaaoe ao&tinued during wait of the period of 
shipseat, &rraap»&e»t» wrt nftde whereby the ores ware shipped fey fa»t 
ssotot* vessel* treveliaft out of ooavoy. Shea* »ir«a4|?Maeat* »» aade 
viitii the shipper after ©ooawltlag *ita the Traiiaportatlon Corps, tf« S. 
Ar**y, as to the safest method of afa ip ia w n t * Two ahipaawst* ware lost at 
sea* e&« iato la 1041 and «&e early in ID*** fhe first afaiptatm* wax 

total of apprcaiiaately 8$) teas of Bape, in ere we* last through «l»ki»£« 
fcaaaueh e« all pwrahaaa* war* sasda o.i.f. fa* York* all leases at aaa 
were the reaponeiblllty of African Sfetala. 

2*4. Storage . • Siaoo shipments from Afriea arrived faster than 
reflating operation* la this eeu&try eould be oarriod out* It was neces- 
sary tso a tore tfce oraa temporarily in tha United Statee before ehipping 
thorn to the refineries* The original storage faellltlea wara in tha 
Seneea Ordnanoe tispot, itostulus. Hew York* fhsee faeilltio* were 



utilised beeause they war© the only ones at that ttsao roadlly available 
near the point where the ore would subsequently be proesa&ed. A little 
later is the program, inooning ore was stared la a warehouse at the 
Clinton i^ngiaeer -?orka, wftloh had been constructed primarily for the 
purpose of storing ratiiue-bearing sludges derived froa the &cm (see 
below}* In JlGveuiber IMS* a warehouse was leased at Middlesex, Sew 
Jersey, (Perry Weheuse* #-?407 eng;~l38. and eng-7 App. 

In order that storage and »anplin& facilities would be available near 
the j?ort of Mew Sork, thus, aveldtag; the uaaeeaassrily long sMpaeats 
by rail (App. 87) • The uranium ores wore roeeived at the Fort of 
Ewt fork in bags and druas and were then shipped direotly to aidiilese* 
for storage and sampling, after whloh the sailed ores were shipped to 
ref taere as needed* 

It was alee aeeeesary to store the valuable sludge* remaining 
after the uraaiua had been extreeted from the ores* Is aeoordaaoe with 
the original arrangenents, these sludges regained the property of 
African Mfetals sod were to be returned to then after the war Sor recovery 
of radluR sad preoloue metals* Speoial warehouses were constructed at 
the Clinton Engineer Works for the purpose of storing radiunrbearing 
kludges which were derived from the ores* *ae radiuvrbearia^ aludfes 
derived frost grades of ore of greater than 10$ BgOfc ooateat were packed 
in wooden barrels after oonoletioa of the refining operations and then 
shipped to the Clinton Engineer sforks, and to the ^LduXesex warehouse 
for storage. The radius residues frett low->^rade ores containing 10/S 
sad loss UgOg Here stored in a bulk pit at the Lake Ontario Ordnance 
Berks, Modeltowa, U*m York, near the plant of the idnue Air Products 
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Ooapaay, «hero those law&rada orea were refined. A smll quantity of 
theae sludges fraa low-j,rade or«« ma also stored tat tha iiddleaax i>ara- 
iiouse. ^urixiis 1946, %*nr tpproxlM&toly 31,084 mat tone of radium slud^ae 
froa hl^b~gra4» oroa in a tor ago at th» Clint ob Ktt&iriaer '» ork» *ffta- shipped 
to the Mlddlaaatt sarahouoa for etorago. A» of 1 Jmmxy 1947, there were* 
opproxisataly 20,209 iset tons of radium aiudgaa frost low-^rade ores 1a 
s tor ago at the I*K» Ontario Qrdaojaue HJdrJea *uad 31 wot tons of similar 
iantarlal at the l&ddleeox Barohouee* Ae of 1 January 1$47, approximate- 
ly 1,645 w*t tons of radluai elud$» frcn hl^-grade or«a had beoa re- 
turned to Afriaan Jtfetalt In. aaoordmoo with oontraotual wrm$pmm%»» 
and eppreximtoly 781 we* tone of aiailar aatorlal rweiaad iu a torero 
at th* ifiddleeex s?areht*ua». 

2-fl. Waigjalaj^ Saagltoft and aaaayiag, - A program of weighing* 
aaaaj>liaf;, and aeaaylog waa aeoeaeary III order to aatsabllah the actual 
mount of ur*»lun oontent in the Afrioaa ore* for which payment mm to 
be asado. sliooa la moat oeaaa. only' the uraalua ooatant of tho or* we* 
purohasad. Aleo, It waa neeeaeary to eatabliah with tho reflnorioe th« 
aotual amount of uranium content la the raw aatoriala for which thay 
vara to be charged. 

fhie weighing, aampling, and aaaaying program waa neoeasery 
only for tha Afrioen-aouroa material a« In tha oaaa of aatoriala pur- 
ohaaad fron Bl dorado, weighing and sailing of the oroa wore not re- 
quired, slnoe (sha oroa vera rofined by Eldorado itaolf, and tha produo* 
waa purohaaod dlraotly by tha ?a«thatta» Uiatriot. LUeawiaa, la tho caa* 
of tha preouromant of uranium protiuote from .Amarloen producers, tha 
aupplloa vara purohaaod on tha baaia of raflnad aateri&le, and no 
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*ai$iA&g* oarapliiig, m& aae&j'iag pjrop"«B was necessary for tha crude 
ore* or taliia&s prooiyrod. 

At th« l^gitral&g of cb« program* African ores wera woigjhad, 
easa^lad* and aaas^ed at tba refinery tso which tfaay wra delinwad far 
prooot;»ing, a»d the r*»ulti uf th«*e weighing* &ad a&ssplin^ts were 
accepted by th© vendor <uid tha proosaaor, a« veil m by fch© ila»hatt«» 
District, in order to limit tha ka<mled^ which the ^ador might gala 
through this prooedura, a a&pwata eswplteg program, r/aa Initiated at tlw 
Mid*a«e«JC Sarahawfl* ia fefwWp 1943, «tf»t, aftow thl« data, all wel^hiug 
and sampling reeuits frow Mi&dlaaax aaoaptad by tha mfimirim iaha 
stAb«w<jueatly jfaoaivad the #r»« Prior to tha eatalsilahsiwiit of the ns»ra«- 
hdus*» tasking «m cairariad out ia 'Sha p**»©a«a t»f & rapwiaiii&ilva of 
t&a ifaadc* a»d a rag^Mnfcatiw of tfc# gtyeaaatar* «ad, a* lon^ a* ai^aa- 
a»»t could ha reached % these tiro* tho rcaulte wort aacaptahi© to tit* 
liaafcattaa Diatriot- Afft**" tho eatabUehMwtnt of tha Middlesex Warahouaa, 
Cant**** W-Ttf* eiit,-16, dated II 2&y 1044, ww§ bitten with the firm of 
ImiuM Pitkia, Inc., of i#w Xork^to ««w a# the asmpiiag roprssewtattma 
mA oonsuitmt for th* 56uthatt*a District in wel^hl»£ and a«eiplln^ 
aattcr«« thin contract w** temiaftt»4 an 12 January because the 

umt of roar aaterials then entering the iiid.il ©sax ??ar«hau*e was not 
sufficient to werrcat full-scale «Hd$h£»g tm& Bw&plin& services. On 
5 August 1845, Contract fl'-So-OSS cag-8 was written with Lucius Mtfcla, 
Zuo.,to ocafciau* weighing and sampling eervieett, e-,Bd this contract was 
aoti-v* as of 1 January 1047, African Mstsls was represented iti all 
sa^littg operations by Ledouat and Cenpetty of tfew fork* 3&oplaa m»rc 
cakan in accordance with r©oo»neRdation» rsad« by the sailing repre- 
sentatives, aad all procedure* followed wsra tho«« ao»t ad^uato t\x\d 



fed&p table uo th& suwerous problem presented. 411 5>roc©dur«s were 
approved by ctaiapetejit authorities, including the national Bureau of 
Standards, f^edoux «u;4 C'ojqpany, I.uoiite Pitkin, and tho contractors of 
the Maahfctfcaiu, i*i*fcrt«t who subsequently rwfined tht* ore* 

A*8*y» were EsaOe both by Ajfriaau 1 etal* &uti. by the <Tov«maeir;t, 
;Vheu mteriels were forwarded Tor reflniac* the refinery wan sullied 
with a ea&ple teJom and soiled at jyiidlesex, n»4 the refinery carried 
out it* own aeaay oa thin portion aif the ore. ♦'♦frieari : i«taXs ployed 
the fir» «f iiddoux find Ca<B|«uay of Urn York for their ftaaiajri&g |>ur|Jo«t»», 
end the £k>»/e«i«w*ut u*ed the services of the rriek Che&ieel Laboratories 
et Friaeetatt U»i?»ri*ity Geatmet *-74QS e»f-0l in Mow Jersey. % 'the 
Spring of 1943, the contrast with Princeton Vmi^r&±ty wee aoaploted and 
Coatraet W-3o~0&8 ong-10 was aegetiated with the firm of Luoiui ntkln 
to perfem the Soirerttiaent essay work. The national &uroeu of Standard* 
wee used as an u&plre far assaying when the results of the original 
two assays w«re net within 0.$SJ$ IF^Og. 
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3-1. Oper ations . - As mentioned in Part A, Par. 1-4&, an important 
source of uranium-bearing ores was the Eldorado mine, located on the south- 
east shore of Great Boar take in Canada* this mine wae originally owned 
by the Eldorado Gold Mines, Ltd. On 3 June 1948, the nam* was changed to 
Sldorado Mining and Refining, Ltd., and on 28 January 1944, the mine waa 
expropriated by the Drltiah Crown, and the nana was changed to Eldorado 
Mining and Refining (1944) Ltd. (App. 88). the wining and refining; 
operations oomsianoed in 1953 and were directed toward the reoovery of 
radium, uranium, and silver. ?he mine ia loe-bound from Hovember through 
Juna, and, though mining oparationa ara oontlnuad during the.*; period, it 
ia not possible to ship ore a to tha refinery at Port Hope, Ontario* Opar- 
ationa ware geared so aa to provide year-round production at the mine, and 
shipments made from the mine during the months of July to October consisted 
of the entire ore output of the mine for the previous year and served aa 
feed materials for the refinerlea for tha auoooeding year* Oparationa at 
the Eldorado mine were carried on from 1933 until the sutraer of 1940, at 
which time sufficient atooke of ore had bean accumulated at the mine to 
satisfy the commercial market for approximately five years* However, in 
1941, the OSRD placed an order for ore which necessitated the opening of 
the mine. Therefore, in the spring of 1942, equipment and supplios were 
procured and mining, aa wall as refining oparationa at Port Hope, have 
continued ainoe that date in order to fill the subsequent requirement a of 
the Manhattan District. The early contracts for the purchase of black 
oxide were written directly with Rldorado, or with Boris Pregal, president 
of the Canadian Hadium and Uranium Corporation of Haw York City, the sales 
agency for Eldorado's products in the United States. Since September 1943, 



Manhattan District contract* for th« purchase of uranium ores, for 
security reasons, have been written in the name of Carl French or Gilbert 
A. LaBihe, who were, respectively, treasurer and president of Eldorado, 
and acted as agents for that coop any. 

The ores of the Eldorado nine hare assayed approximately 1$ 
030g, and, because this ore is of considerably lower assay than that of 
the Shinkolobwe mine, the refining costs to produce radium and uranium 
are considerably higher than similar refining costs of the higher grade 
ore* Consequently, Eldorado has never been able to challenge Onion 
Miniere's domination of the radium and uranium market* 

A total of approximately 4,149 tons of ore concentrates to be 
delivered as 1,137 tons of 830ft in the form of black oxide, had been con- 
tracted for from Canadian sources as of 1 January 1947* Late in 1942, 

issued by the Stone it Webster Engineering Corporation for the account of 
the Manhattan District. Since that date, the Manhattan District has con- 
ti^&o'fc^s^L^ f oip *jj 6*5^^ ^SO'WJ oof flfjp^^ o^wsc^jHS-tyjfc^^ j d©^^J»irtw^fl^i 8^ ^^^^7* toia^p 0 : ^T 

in the form of black oxide* The 'total cost of the procurement of 
Canadian ore to 1 January 1947 was approximately $5,082,300 (See App. F2)* 

finery at Port Mope, Ontario, it was possible for the Manhattan District 
to purchase black oxide directly as such, and it was not necessary to enter 
into arrangements for the storage or disposition of the by-products of 
refining processes, since these by-pro dncts remained with Eldorado. Con- 
sequently, the procurement contracts with Eldorado were based only on the 
delivery of black oxide. The prices for this black oxide were based 



primarily on the market prices for large orders of black oxide at the out- 
set of the procurement program in 1942. The wholesale price of black oxide 
for the ceramic trade at that time was $2.05 per pound. Contracts were 
negotiated on the basis of a 5% redaction In price due to the volume of 
the purchases, making an average price of approximately tl.95 per pound* 
This price of $1.95 per pound probably did not reflect the true cost to 
Eldorado; however, Eldorado was forced to sell their product at this price 
in order to compete in the open market with the lower cost producer, 
Union Hiniere. The last contract with Eldorado, which was negotiated 
with the Canadian Government, set a top price of 14*20 per pound of black 
oxide, with credits to be given later when actual costs had been determined 
and when the value of the contained radium had been determined* As of 1 
January 1947 negotiations were nearing completion for increasing the top 
price to 16.17 per pound of black oxide. This contract is a no-profit 
contract and will probably reflect the true cost of operating at Eldorado 
(App. S9)./ 

The procurement of black oxide from Canadian ores has been 
conducted under the Stone & Webster Purchase Order Mb. 135 and Contracts 
W-7405 eng-145 with Boris Pregel, and JJ-7405 eng-252 and W-26-021 eng-6 
with Gilbert A. LaBine, Agent for Eldorado. Contract W-7405 eng-145 was 
terminated for security reasons, and the black oxide to be produced under 
this contract was added to that to be produced under Contract 7-7405 eng- 
252. These contracts and the purchase order are listed in App. F2. 



3«I©3? 4 - AM3SSICAB SOUR03S 
4-1. C foeratiaac ... Ae mentioned in Part A, Par. l-4a, fche third 
important source of iirmluia-hearing material* w&« the Colorado Plateau 
region in the United States. Camotite, the /aost Important type of 
urantuawoaaring oro in the United States, was discovered in this sren 
In 1899, liut large- scale mining and refining operations did not begin 
until -yhoxxi tm yaars later. Between 1911 snd 1923, high-grade eamotite 
ores voro <$eleetlvely mined principally for the radium content and, to 
a mlmv ' ,.r<*o, for the V-produets, vanaditiia and uraniua. The Mnimm 
grade of ores mined during this period la reported to have had a \%0 8 
content of ^rostimately \.2E$>, After 19£3, production declined rabidly 
beesuse jf the unfavorable position which oarnotitee had la the radios 
field, idtb respect to radium derived froa the flea ore* allied in the 
Belgian 3o.v,o. Itorittg the period of exploitation of earaoti»e* for 
■?adta*a, it was reported that a total of approximately 300 gpw of 
radlua, e^oivalent to approadaatoly 900 tons of tJgOg in ore, • a« produced. 

Since 133?, oarnotitee have oeen mined principally for their va» 
aadiua content. The oree, a« sained, averaged appro ximstely 1.7$ va- 
nadius pentoslde, (T^Og) and approximately 0.3S$ 'Hie hi^h deaaad 

>r vanadium, hron^ht about ©y World War II, etimlated vanadium produc- 
tion throughout the region. She Metal e Re nerve Corporation, a Govemsent 
agency, attenpte* to increaee production by offering increased pricee for 
the venadina and by offering loane to eaall independent operation*, in 
order to increase their production. U. 3. Vsnadiuia Corporation, Vanadium 
Corporation of Aateriea, and the Metals Heserve Corporation vere the west 
active organizations in the production of vanadium during this period. 



larly in 1944.» the critical period in vanadium requirements was passed 
and Metals Reserve ceased its stimulation of production. U.3.V. and 
several small producers accordingly decreased their production commen- 
surate with commercial requirements, while V.C.A. continued its normal 

As a result of the mining and refining of carnotite ores, 
principally for the recovery of radium and vanadium, during the Dast 
30-35 years, there vere accumulated tremendous stock-piles of tailings 
which contained varying low, but economically recoverable, percentages 
of uranium. Investigations conducted late in 1942 showed that these 
valuable stockpiled tailings, as weU as ths tailings from the current 
vanadium operations, could be obtained from the O.S.7. plant at tfravan, 

which owned a plant operated by U.S.?. at Uurango, Colorado, and a plant 
operated by V.C.A. at Mont ic alio, Utah. In the case of the Metals 
Reserve Monticello plant, recovery of uranium was possible only from the 
current operations tailings, since the stock-piled tailings of former 
vanadium operations were too low-grade to be economically treated (App. 

In addition to the tailings procured from these three major 
companies, small lots of tailings were purchased in scattered localities 
and processed in Manhattan Eistrict-owned facilities, if the delivered 
cost of such tailings was not excessive. 

As of 1 January 1947, a total of approximately 1,349 tons of 
»308, contained in 379,671 tons of ore tailings (App. P3) had been con- 
tracted for. Of the total ti^Oe content contracted for, approximately 
891 tons have been secured from U.S.?., 230 tons from V.C.A. , 135 tons 

ft * 



from .%talo looervo, 26 ton* frora the Vitus ^tifaoturing Ciojspaay sad 
37 tons from other saiocellimootto sources. All of the purchased 
wao contained either in low-grade tailings aaoajdng i^rexiaately 0.2i$ 
TJ 3°8» or is »raaiua oladgoe Aeaarlag froa 10$ to S0# O3Q8. 3&e total 
ooat of the t>roeureo«nt of Amor i can- oonrco aateriatU to 1 January 194? 
waa fippyoxlmately $2,072,330. 

4-2. &v«».»»ffit a^tfitttftnff. - la. order to obtain the waniua con- 
tained in the oaraotite orea of the Colorado Platoon region, a* well aa 
that aoatafoed in tho tailing* of corrant and paot ▼anadlaa operations, 
negotiation* ware coaducted with tho throw major ooHpoaiea In tho vana- 
dium iafeatry* Basely, U.S.?., V.C.A., Hotels Beaerre. 

I Ttm tho otriot viewpoint of tho proearoaont of re* aateriala 
thooo neaotiatione v«m sorely for tho jmrcha** of t«ilin«« and sladgoo, 
to ho farther refined to blaek oadde hjr othor proeeaoere. However, It 
aeeaa advisable at thii tine to aention generally how thooo taillnge 
and sludgea were obtained, even though tho detail* of thooo operation* 
are diteaased la Part 6. tf.S.V. and V. C.a. , tho largest torn prodttoere 
la tho ra»sditt« field, had oaoh developed and wished to no* a different 
process for tha recovery of nraalaa froa dome* tie sources, fha 
preeef* consisted of tho treataont of tho tailings which were loft froa 
thoir currant and poat Tfumdiut* opsratlona, to prednee a uraniwi eladge 
suitable for farther refining to blade oaide. fha t.C.A. process ooa* 
tiotad of tha dlroot troataoat of tha eeraetlte oroo to produce a eoa* 
bincd uranitwa-vanodlna alndga, whioh would than bo told to tho dororaaent 
for further treataont to remove tho venadiua and predaoe blade oxide. 
Previous to tho oatranea of tha Manhattan District Into tho field, V.C.iu 
did not further prooeso the tailings froa tho uranium- vnnadiu&t olttdge 



•attraction, nine* thaaa tailing* did not contain enough uranium or 
ranadiua to raoko furthar ^roeoseing ooaaaoreially economical. iS&worar, 
the urgent roquirawont* of th« Manhattan IH strict for ursniuo- bearing 
food saaterlala swdo the treatment of anon tailing* do*ir«ble. 3.3.?. 
was r«loetmt to allow T.O.A. tho nse of their process for tho recover, 
of urrmlnm throngh tho treatment of tailings, m& V, O.A. was reluctant 
to allow "h tho right to construct ond ooorate t s&lin#»» treatment 
plant* on tho *lte« of tho C. A. -operated ranediua plants (A|r>. 310) » 0 
Shornforo, since it mn necessary for tho JJaahottan District to obtain 
•11 tho ttraniaa available fro« dnisoatio onto, arroafonent* were mad* 
to ©recur* both fcya** of raw notorial** (1) a urettiun sludge produced ,• 
by tf.S.T. froa treatment of ran*rtiu».op*ri»tionji tailings, and (a) a eoia- 
blnod larimituo- vanadium sludge produced by V. S,A. from tho direct treat- - 
meat of somotitito oro*. She tailing* fro* tho onrroat and oaat uraniuaw 
vanadium ax*»r*cti*n at 7. O.A. ver<? to bo bought by tho ^vornnent and 
sent to tho V.*,Y. olant* for further proeeoslng. '"'"v 

In general, tho following arrangement* vara nado to pro euro 
uraniuawbeoring row material* froa dome**!* sources for further proeoao- 
lag to black oxido (App. Kll). ?he* details of tho** operation* aro die- 
caused In Part <f, S^agraph* 7-5 and 
a. U.S.?. agreed tot . 

(l) Construct and oporato t at their own <nrp*n*o ( a 

uranium sludge plant on tho *it* of tho 8. 3.V. plant 
at tfravan, Colorado. The food for thl* plant wo* to 
bo derived fro* tho existing vaaadlua tailings stoete- 
pilo at 9ravaa, supplemented by tho tailing* of cnrront 



raaadlttio oparatioaa at ftravaa. Tha output of uraniaa 
eludga wi« Trarehsaad %y tha Manhattan District oa a 
ttntt orlaa oaaia And wit thou furthar raflnod to produoa 
black oxlda. 

(3) Conatroot At Ooraranant mxpmt—, and ooarata for tha 

GoVertmant, a nraalv»»v«madiQ» alad&* plant on tha aita 
of tha vwaadiua plant at Unmet, Colorado, en a ooat»pl«a» 
Itxadkfaa haul*. $h* faad fax* thia i»lsa* %ma to at tha 
«toafe»t»ilad taillnga axlatlng at travaa, ^aa wall aa Tariona 
tailing proavrad V tha Manhattan DUtriet fro» T.CA.*a 
atoato-pilaa at Saturtta. *ha talllnga vara ^arehaaad hjr 
tha ftanhattaa Siatrlot at a trait priea oaaad iaja« tha ro- 
oararafcla %0g and TgOg efctaiitad la tha eastrsl raftnarr ] 

at Oread Jtsaottoa, Colorado. ' 

(3) Ceaatraat at QararajMBtt «Kaa»aa, wad ooarato for tha 
Oavaraxaat, a waaiw»*TaBadlwi alad$a j»laat on th« aita 
of tha &ara»c»* Golora&a, plant wfcieh waa haia^ o»«r«ted 
far Matala Baaarra. *hia oonatmatloa and op>«ratlr>n m» 
dona on a ooat-pliia-flstd-faa oattf. *ha food for th* 
plant vat to ha tha raaadiita tftlHn** atocfc-pilad at 
&ara»4» sad alaa tailing* dariYad from earr^at raaedlnn 
prodnation at Damage, oath of vhioh vara ovaad hy Matals 
n*9*rr: fha tailing* vara $*iroh*a*d ay tha M»ah*ttaa 
JHatriet at a unit orie* haaad noon tha raeovarahia tfgOs, 
and Tg0 B ohtalnad la tha oantral rafiaaty at SronA Junction. 

(4) Oonatraat at Qovamawnt axpanaa» sad oyarnto for tha 
OoWfaaantt a eantrnl r*ttn*ry at firsnd Junction, Colorado, 



oa a eeat~?l«e-flxed~fee oaele. fhe objeet of the central 
refinery wae to reoore tit* vsnadlum «cmtaln«d In the 
uranian^vjaadiun sluice prodnoed at tfravaa and Bttrange. 
"Ma uraniua aludgs vas then suitable for further re- 
fining to "binds oxide, 
f. 0,4. agreed tel 

(1) Frocuce i£r£Ql«o-vaaadlua eladge fron current vanadlaai 
operatlone at their Hatttrita* Colors, t»Xaat. Sheae 
slu&gea were then pur disced fcy the Manhattan Dlatrlot 
on a unit-price ha»l»* lfeet of the telllnge resulting 
from the «X«n\^pre6tt«ltt* operation were of too lev- 
grade for further treatment. 

(2) Sell to the Manhattan tdatrlot eteote-pllee of rma&lm 
tailing* fron the p&et vaaadtaa operatloae aad high* 
content taillaga fron ourreat oroauotloa «i Saturlta. 
These talXlaga were t* he farther treated la the Una- 
hat tea Sl«trlot»o»aed factXitlee at %«vaa and Or and 
J*u-ctlon. 

o« Wetala Keeerre agreed to* 

(1) ^ell to the Manhattan fit air lot etoets-pllea of vaaadlaa 
talltnga fron t>a»t operatlona and eurreat ranadla* tail- 
ing* resulting fron the operation nf the ranadlaa plant 
at Suraago, floiarado, operated tijr V,3Jf* for Meftaln 
Jfceeerve. The tallin&e were pnrehrteed at a nail prlee 
haned upon the reeorory of W^Og and T3O5 la the Ran- 
hattea Dlatrlet-ovnod f»clXltle« at Gr?ad Junction, 
ftoXawdo. 
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(#) Pto&im vrmtew- Vfuiadiua sludjRe from th© cttTF«»t Vanadium 
operations at she Monti cello, Utah, plant which m» 
operated fey T»G.A. for K»t«lo Heoervi*. I 1 **© alrutgo vets 
purchased on « unit price oasis hy the Manhattan District 
froa Wetals Seeerve. Aft!* the Monticello plant was closed 

Metals Ha serve la l**>brn«ry 1844, it was reopened hy 
V,G.A, and the ontpti of nrjsiiiwft-vimadins sludga was then 

purchased direetly fr»» V..C.A. (%>. as), „ r - 

'}ftto<wwm&% of nraninKK^ssring aatorials fro* K B$!?.T. wa* nadf 
under three eem tracts, tfc.7408 01*4- «m«-£SO, «ad 
these Mat^risaiA war* procsured a* jjriooa varying frost 10*30 per pound of 
contained %0 8 sad $0,30 per pound of VgOg to |1.10 par pound of %0g ftn d 
$0.31 per 110ml of YaQft (Ajjp. 113). A total of ap;proxliaately 391 tons of 
contained 0g0@ hud ©een contracted for a* of 1 January 1947 fr©« ff.S.V. at | 

3 

a eoti of approxiswtoljr $941,300, Hiss* contracts are listed in App. ft, | 

1 

Slat contracts were entered into with V.O.A. for ths precnrenent 
of tiratai\im-.l&«arla« materials, these contract* war* *>740S ea«-12, 1&7408 
eag-144, V;w'?405 en&»£fi6, tt-7405 en#>;?S?, &-74Q8 eSf»$B?> and «-0d-O8l «h#» 
12. fhese material* were procured at prices which *a#$ed fro» $0.29' p«* 
pound of contained B3Q8 end $0.f»$ per potaul of ^gO© to $1.50 per pound of 
*%0f said 10.90 per pound of VjsQg. A total of eispro*t»a**Jy 230 tons of 
tfgOg httd Boon Contracted for as of 1 January 1947, at a cost of appiroxiiaat©- 
ly $693,350. fhe contract n ere listed in top. S'3. 

Throe eoatreets were entered into with Mot sis Reserve for the 
proonrestittt of raw sateriels. These contract* were '4.7406 «ag-260, 
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K-7405 eag-282, and tf-7405 *n£-287. The oo*t of the materials varied 
froa $1.00 par ton for tailings containing about 0.36$" (which 
anouats to approximately $0.80 por pound of tfr*0a) to $1.10 per pound 
®* awl 10.90 por pound of T^O^ In sludges a assuring 50jt ITgOg and 

?oGg. x total of approximately 136 tone of had been contracted 
for as of 1 January 1947 fro* this coop any, at a cost of approximately 
$216,300. The eontraett aro listed In App. 1*3. 

la March of 1946, a con tract, W-26-021 on*- 24, was entered late 
with the Tltro Manufacturing Company for the purchase of this contractor's 
stockpile of high grade oamotits ore, containing apprexlaately 36 teat 
ef V$0$, t at a lursp sua of #71.880. (app. ?3.) Contract *- 26-021 ong-24, 
also 00 rered the processing of the oarnotite ore to soda salt. Shis phase 
Is oorered In Section 7. 

A mother of purchase orders were written with various ▼anadlua 
producers throughout the country for the procurement of tiraniua>- 'boar lag 
sands and tailings. 4 total of appraxiaatsly 67 tons of PgOg had been 
contracted for as of 1 January 1947, st a cost of approximately $160,000 
(4pp. IS). 
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- MARKET 'AND MISCELLANEOUS PBOCUfiEMEH? 



5-1. Operations . - Prior to the Manhattan District program, 
approximately 150 tons of uranium compounds wore being consumed annually 
in the manufacture of oeramio colors* The need for conservation and con* 
trol of uranium supplies was raoognized in December 1942. at whioh tins 
the War Production Board was requested to take appropriate action* In 
accordance with that request, Conservation Order M-285 was issued by WPB 
on 26 January 1949, prohibiting the further sale or purchase of uranium 
compounds for use in the manufacture or decoration of oeramio products 
(App. £14). In August 1943, the purohase or sale of uranium compounds 
for photographic use was also restricted and certain stocks and trans** 
action reports were required to be sent to the War Production Board, in 
order to control more oloaely the permitted use of uranium compounds for 
military and essential industrial applications (App B15). These reports 
were made available to the Manhattan District and, based upon the inform** 
ation contained in them, a purchasing program was established, with the 
objective of scouring as muoh as possible of the available stooks of 
various refined uranium salts for the Manhattan District (App. E16). 

A total of approximately 270 tons of tfjOg, contained in 
various refined uranium salts, had been obtained from available stocks 
as of 1 January 1947. These materials were procured at a cost of 
$1,056,130 (See App* P4). 

5-2. Contraot Kegotiations * - Some of the available uranium stocks 
were held by such companies as the Vitro Manufacturing Company, the Qarshaw 
Chemioal Company, African Metals, and the Canadian Radium and Uranium 
Corporation, who were already under contraot to the Manhattan District 
for other phases of the work* In the oase of these companies, direct 



oontraots and purchase orders were written to obtain their uranium stooks. 
However, because seourlty regulations made it inadvisable for the Manhattan 
Distriot to oontaot the many other commercial oonoerns who had small stocks 
of uranium compounds, the Vitro Manufacturing Company was authorized to aot 
as an agent of the Government in order to obtain the stooks of uranium com- 
pounds available throughout the United States. Vitro was selected to 
conduct this procurement program since they were already active in the 
Manhattan District work and also were well known in the trade as a commer- 
cial processor, seller, and consumer of uranium compounds* 

Most of the market procurements were made at the current commer- 
cial market prices paid by the ceramics trade, the principal commercial 
user of various refined uranium compounds) i.e. , #2*05 per pound of black 
oxide, $1.55 per pound of sodium uranate, $0.78 per pound of uranyl 
oarbonate, $2.33 per pound of uranium nitrate, etc (App. E21). 

the market procurements of uranium salts were made under the 
oontraots and purchase orders listed in App* F4. 

5 ~ 3 ' Miscellaneous. • The Washington Office also obtained approximately 
481 tons of ugOg in the form of miscellaneous compounds, mostly impure 
sodium salts. These materials were found by our armed forces in the 
European Theatre of Operations. 



■3T5CTTOH 6 - PBOCDBEMEMT OF OTHER IU~IOACTIVE MATERIALS 

6-1. Operations . - In addition to the procurement of uranium as 
a raw material for the Manhattan District project, it also became neces- 
sary to procure certain other radioactive substances, i.e., radium and 
radium-neutron sources and radioactive lead. Inasmuch as these materials 
occur in nature in conjunction with uranium, their procurement was 
handled as a part of the general procurement program, 

a. Radium 0 - The need for radium and radium-neutron sources 
increased steadily until, as of 1 January 1947, a total of 73 grama of 
radium had been procured for the various installations of the Manhattan 
District. Of this total, about 3 63 grams of radium were purchased and 

about 36| grams rented at a total cost to 1 January 1947 of $679,399 (App.F6). 

b. Radioactive Lead* - In September 1943, it became neces- 
sary to obtain substantial quantities of radioactive lead (App. KL7) . 
Porturnately, radioactive lead was one of the by-products recovered in 
refining uranium ore to black oxide, and it was possible to recover 
enough radioactive lead from this source to fill all requirements (App. 
Eld) . As of 1 January 1947, approximately 85 tons of lead oxide had 
been procured, which amount fulfills the present known requirements of 
the project. The total cost of the procurement of radioactive lead was 
approximately $88,400 (App. F5). 

6-2. Contract negotiations n 

a. Radium. - during 1943, the market price for radium ranged 
from $23.00 per milligram for quantities of less than 25 milligrams to 
$18.00 per milligram for quantities greater than 100 milligrams. As the 
Manhattan District's requirements for radium increased, an arrangement 



was mde with the two raain suppliers, the Vadium Chemical Company and 
the Canadian Vadium and Uranium Corporation, whereby the Government 
would get the benefit of a reduction in price according to the following 
schedule i 

3adium Chemioal Company 

Less than 25 milligrams - #23.00 vt&v milligram 

26 to 100 milligrams $20.00 per milligram 

100 milligrams and over . , . . . $15.00 per milligram 

The above schedule applies to both plain radium and to radium»neutron 

sources . 

Canadian ladium and Cranium Corporation 

Plain radium, any amount $16.00 per milligram 

Radium-neutron sources. .... ..... §17.00 per milligram 

The increased price charged by the Canadian Radiua and Uranium Corpora* 
tion for radium-neutron sources was due to the greater hazard in pre- 
paring such items. 

as of I January jt/ 1947, 18 purchase orders and 6 contrasts had 
been issued to Joseph &. Kelly, Agent for the Eadium Chemical Company, 
and 15 purohaa* ,*ders and 8 contracts- had been issued to Boris Pragel 
of the Canadian Hadium and Uranium Corporation for the purchase of 
radium* 

In some oases, it was desirable to rent radium and radium- 
neutron souroes, which were leased from both of the previously mentioned 
(companies at the rate of |250.00 per gram per month. This price is equiv- 
alent to 20$ of the value of the radium por year. As of 1 January 1947, 
7 purchase orders and 4 contracts had been issued to Joseph A. Kelly, 
Agent, for the Hadium Chemical Company, and 2 purchase orders and 3 



eontrscts had bean issued to Boris Pr«£*l of tho Canadian Vadium and 
'Jranium Corporation for the rental of radium. However, as of 1 January 
1947, there remained in effeot only 1 purehase order for 100 milligrams 
isith fir. Kelly and 1 contract for 200 milligrams with #r. Pregel at this 
increased price. 

Three contracts and one purchase order have bean issued to the 
Radium Chemical Coapany for the rental of radium. 

One contract v.ith the Eldorado Mining and Refining Company was 
issued in May 1943 fco oaver the rental of radiun from that company. 

These oontraote and purchase orders for tn@ purchase and rental 
of radium are listed in App. P6. 

b. Radioactive Lead . - Radioactive lead was proonred from two 
main sources* lead produced as a by-pro duot in the Canadian refining 
operation* (App. E19), and lead produced as a by-product in refining 
sludges derived from African ore*. The Canadian by-product was the 
largest source of supply and was purchased at a price of $0,656 per 
pound of lead element. Yhat derived from the second source was procured 
at a price of #1.00 per pound of lead element. A summary of the oontraote 
for the purchase of radioactive lead i* liet« in App. FS. 
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km SODA SALT 



Qporfttion» « - In general, the refitting operation* (App* 02) 
consisted of a aeehenical crushing and grinding of ttu» raw euros to a 
fine sandy material, the treataasnt of this sandy mterial with acid to 
extract the uranium content, the partial traataent of the »x tract with 
caustlo and othor cheaioala to prooipitate tho majority of iopuritiosj 
a further treatment with oauatlo and other chemicals to precipitate the 
uraniuaj and a final roasting or drying operation to produoo tho re- 
fined csatorial as either black oxide (uranium oxide, U-jGg) or &« soda 
salt (sodium uranate, ^ftgU207) • 

the process developed and used by tho Vitro *&uaufaeturlng 
Company for their oomoroial business* and subsequently used in their 
contracts with tho Manhattan i>i strict, had boon designed to produoo 
soda salt, She equipment and prooeoo wore such that this plant operated 
aaost efficiently and economically on relatively high grade ores* that 
is, QOf* or greater IfyOg content* Tho Vitro refinery is designed to 
handle approximately 40 tone per month of gross ore Input* 

The process used by £1 dorado fining and Kefinias at its Port 
Hope plant was also designed for its oojoaeroial business and produced 
black oxide. This prooets and equipment allowed efficient and eeonosil- 
oal operations on ore concentrates containing 20$ or higher UgOg content* 
fho Eldorado refinery is designed to handle a gross ore input of approxi- 
mately 228 tons per nonth and* in addition* has seeooiated facilities for 
the refining of radium from the uranium ores* 
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To fulfill fche ae«d for a plant oapablo of eaoriojaically 
and efficiently proc«a«i»& s>r*« op conoer.tr&t*Q contsining loss than 

U3O8, tdio liadb hlv Products Company r«fin©ry at Touawauda, 
Mew York, was originally built and designed to handle foaerioan ore 
cono antra tes at an input of approximately 540 tons per month* but 
through subsequent process iopro wiaeiits it has beau possible to prooesa 
both jttserican find African ore concentrates at rauoh higher rates ( 1#0-220S« 
designed capacity). C mis i deration of the type of ore* peroent and 
other factors have been ueoessary in determining in which refinery the 
several ore oonoentrates should be refined* 

fhe American ores were in reality tailings froa previous 
vanadium refinery* operations and wore of such low uranium content that 
it was necessary to concentrate them la successive stages at or near 
the aine where tliey were produced, beeause of the excessive transporta- 
tion charges whiah would otherwise have been required in transporting 
Tory low-grade ores to Linda* s refinery at Tonswanda, Uew York* Ac- 
cordingly, it was neeessary for the Governeent to provide preliminary 
oonoentratlng plants at Uravon and Durango, Colorado, and a central 
roiiimey to remove vanadium at Grand Junction, Colorado (App* olMand 
D4). The 0* S. Vanadium Corporation owned one plant at Graven, 
Colorado, which was also utilized in the preliminary concentration 
step* 

Hofining by Eldorado Mining and ^finin^. 

& * ^ o^t ioas . - the first Material refined by Eldorado at 
Port iiope, -^toris, Canada, consisted of the initial 100 tons of 6tf$ 
(UgOg) ore procured frost African Metals Corporation, as a trial lot to 



determine the efficiency of refining operations. These ores were de- 
livered to Eldorado in November 1942 and refining was started a month 
later. At the time of the delivery of the ores, the plant was snail 
and did not have a production capacity of more than 30 tons of black 
oxide per month. However, the plant was expanded at the expense of the 
contractor to a point where he was able to deliver 150 tons of black 
oxide per month when working on 65% African ore. Expansion was started 
late in 1942 and by February 1943 the capacity had been raised to 100 
tons of black oxide per month. Refining operations have continued to 
date both on African ores supplied under refining contracts and on 
Canadian ores from which the black oxide produced was sold to the 
Government. 

To 1 January 1947, Eldorado produced, from African ore, 
approximately 1,832 tons of U3O8. The total cost of the work performed 
under eight contracts was 12,823,310, the cost of refining t^Og was 
$2,523,560, and the average processing cost was approximately IO.69 per 
pound of U^Og in black oxide. In addition to the African ores processed, 
approximately 847 tons of black oxide have been produced to date from 
Canadian ores. (See App. P7. ) 

b. Contractual Arrangements. * As explained in Part 8, 
Section 3, no separate arrangements were necessary with regard to 
Canadian ores, inasmuch as the uranium was procured from Eldorado 
in the form of refined black oxide. Thus, as far as contractual 
arrangements were concerned, the refining of Canadian ores was inte- 
grated with the procurement contract. In the case of treatment of 
African ores, however, the refining contracts only were negotiated with 



Eldorado, who, at the outset of the refining operations on African 
ores, did not wish to be held accountable and responsible for &. S. 
Government property in their refinery. Consequently, under Contract 
W-7405 eng-6 and W-7405 eng-17, the uranium content of the ores was 
add to Eldorado but the contracts reauirdd the contractor to resell 
the total quantity of recovered uranium content back to the Government 
at an increased price which included the refining charges. Under 
subsequent refining contracts, namely, Contracte W— 7505 eng-264, 
W-7405 eng-281, W-7405 eng-318, W-26-021 eng-21, and 9-26-021 eng-26, 
the ore was accepted for refining by Eldorado with a stipulation that 
all the uranium content recovered would be returned to the Government, 
and in each contract a minimna recovery guarantee was stipulated* 
Because of the importance of the material, close checks were maintained 

to protect the heavy financial interest which the 9. S. Government had 
in the materials involved, and to make certain that all materials re- 
covered were returned to the B. 8. Government. In addition to refining 
African and Canadian ores, Eldorado refined crude soda salts to black 

the refining contracts. 

7-3. ttfMsst h T SfeES Manufacturing Company . 

Cannonsburg, Pennsylvania, refinery, which was constructed originally by 
the Standard Chemical Company for processing carnotite ores to recover 

total of approximately 623 tons of soda salt containing the equivalent 



■PC' iO-o on./;"CU:i &:"h ?;-2S-021 eng-lS. In addition so ika %ork -m 
rlfrSoari os-ea^, vitro lias carried out rerining of era aiuBfc-eaa&di ma 
slu-lnes \j;:j.rc:ifi.?su £ v xi Vsna-.;i;ia Corporation iiiswriea) under 
Contracts i^viGG »s.ig»5& Mid ¥~2ij-021 The high ?;r&de 

oarnotifce org pur phased irosa Uhe Vitro . •pjiuf-act^ring 0a. „ under 
contrast vi:'-2'.5»02X «t»g-24 t *<*as also prooeeaed by fche Vitro Company 
under that contract* 

bo C<»j^raotv»l Arrang®-,r.e-a«8 •» .1 total of aix refining 
contracts sere entered Into with Vita*©, and under t.dss© cistracta 7S8 tons 
of UgOg as soda salt ,vas re fined tojjanuary // lsH7, at an average OgOg 
recovery of approximately ;i?f. The tot&X eoefc of the «?or)c periorawd by 
Vitro was approximately wl, 203,43© or an average processing coat of 
aboisfc |0»7S per pound of ugOg, produced in the i'wa of soda salt. ' Oata 
aoneernlng refining contracts *ia shown 'ia Appendix F?« 

7-4. aef laing ti by Linda fir Froj,^ot8 Cymny - Prior to the deveiop- 
mob of the project, Linde Air fvoduoia Company had boon engaged in the 
s.afc 12 -scale pro duo fc ion of ooss:»oroi*Hy pure bl&ok oxide. The OSiSB, 
through the University of Chicago and ft one a Rob star Engiuscring 
Corporation, had made arrangements adth Linde .for the procurement of 
BJB&X1 quantities of blaoic oxide and had also diaeuaaed the production . ' 
'if specially purified materials by other processes. Linda w selected 
to bo one of the principal processing ;danfcs because of its existing 
association mth the project, its know-how in processing, uraniura, and 
the iater-relafcienahip between its parent coa^any, the Pal an Carbide 



Uarbou Corporation* and both the U» S. VsaadiUEi Uorporatian (on© of 
the suppliers of /iwisrlean or© eonoentratas of uranium) and the &leotro 
:4etallur£ioal Company (whose ».xporionce in metallurgical field* appeared 
to be valuable to tha project) . 

n«i Linda blade oxida plant located at ?onawanda. Hew York, 
was originally designed and built for the processing of urao lum»centaia~ 
ing conccntratee from Aswrioan ore* These conoentratea contained approxi- 
mately 10> black oxide and VA vanadium pentoxlde (^Og). la uhe Fall 
of 1943 alterations were «mde to the plant to permit the proee8ain& of 
African* ora conoentratea containing froa 0$ to 10?» l^Qg* the product 
from this plant was black oxide of a grade nmum'mX superior to the 
norml commercial blaok oxide* 

In tha process used by Undo, the ora concentrate was 
slurried with sulfurlo aoid and water for about two hour** Soda aah 
waa added to tha aoid slurry to preolpltata most of tha impurities, 
tha slurry waa filtered* tha filter oake wae washed with hot dilute 
sodium oarbonate solution and discarded. 2he filtrate mi treated 
with ferric and ferrous sulfate to preoipitate the reaidual -vanadium 
and phosphorus* The resultant slurry aaa again filtered* She oake waa 
discarded* Sodium hydroxide was added to the oarbonate liquors to 
precipitate the uranium as sodium uranate* tha sodium uranate was 
leached In a weak acid solution with ammonium sulfate to form amoaium 
uranate* which waa removed from tlio slurry by filter ing and calcined 
to form the purified block oxide* 
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Ubd«r Contract he. «-7401' *ng~l4» idnde oontr&oted to build 
and oporate a plant for roi v inin& African au& Acteriean ore ooiaeentrates to 
produce bl&ok uxiae in a first si»p ( for the further processing of the 
black oxide to product* brawn oxide in a second atep, and for the oaa- 
varaiosx of brown oxide into gram salt ia & third step. Xhe brown 
oxide and i»rooa ualt phases are die cussed oeparately la Motions S and 
9. fh* total ooitatruotiovi oost S5#Q6CM30 for all three Btep*. of 
*hioh £1* 759*840 w« for the refining step« the contract w»* negotiated 
on «, oo»t-p2.uB~«.~i t 'ixed-i^o basis, with the fixed fee to apply to opera- 
tion* only. Besign of the Line* refining pl«nt was based upon previoiie 
pilot plant studies and dewlopsaent work done by t&tde* ^onstruotian 
of thi* plant mm completed in July 1943 and the plant started into 
opar&tion processing jtaeriean ore eeneentratea {,App* Alter 
uorWin star ting-up troubles, the refining step operated at approxi- 
siately 11<$ of its designed oap&aity of »2 tone of black oxide per 
month until i&ae&ber 1043* In .';«o©mber M f operation* were ohaapNt 
to oouaune 1** end .African ore* During the period Deosaber 1948 ■ 
through Moireoiber 1044* oonsuoing African ore the plant operated at 
%M$t of Its designed capacity of 68 lions of blank oxide per aontb. 
In the Spring of 1944, operation* wore at a rate of 225# of designed 
©apaeity* After November 1944# at the. request of iiadison Square Area, 
Untie mde alteration* in the plant and onangee in the method of pro~ 
oe«sing in order to increase the extraction of the uranltaa oantont from 
the ore* These improvements resulted in an inorease of extraotion from 
03$ to S?&* of the ore oontent. Because of the inorease in oheoioal 
ooaauaption aud the additional operations necessary to secure this 



higher extraction, the unit operating coat in this step increased 
from approximately $,80 to $.85 per pound of black oxide. However, 
this unit cost would have increased considerably more if other develo- 
ments in plant operations had not enabled large increases in output and 
efficiency. In December 1944, operations were changed back to American 
ore concentrates, and because of developments made during the period of 
operation on African ore concentrate, operating rates of approximately 
150£ of the original designed capacity were maintained through 
January 1946 when all of the available American ore concentrates were 
consumed. In February 1946 the Contractor began processing 3% African 
ore. Approximately 10,250 tons of ore were processed during the period 
February 1946 to^Ju!y\l8J 1946 at approximately 11035 of the rated 
capacity of the plant. The plant was shut down IS July 1946 due tin ; 
insufficient suitable raw material and has been maintained in stand-by 
since then. Total production to 1 July 1946 was 2,428 tons of black 
oxide, at a total operating expenditure of approximately $5,074,260, 
including material furnished by the Government. 

Construction of a high-grade ore refinery, at Mallinckrodt 
Chemical Works in St. Louis, was started in May 1945 and completed in Kay 
1946. At the end of the year this plant was just beginning to reach 
quantity production. 

7-5. Concentrating of American Ores by P. S. Vanadium Corporation . 
The sources of uranium within the United States consisted of camotite 
ores, ordinarily containing less than about 2% of uranium, and sand 
tailings from previous operations for the production of vanadium. Host 
of the uranium available was in the form of sand tailings which con- 
tained from one-quarter to one-half of 1% of black oxide and approxi- 
mately the same quantities of vanadium. Since it would have been very 
expensive to transport such a low grade material from its source in the 



Colorado, Hew ilexico and. Utah area to the refineries aear Buffalo, 
lew York* it was obviously desirable to laaka arrangements for th« 
preliminary processing of these aaterisla in plants n«ar the souroos. 
Kith this in Bind, Initial arrangement* wore Bade with the U. S. 
Taaedluia Corporation (a subsidiary of Union Carbide * Carbon Corpora- 
tion) to produce in a U. S. 7. plant in iJravan, Colorado, a concentrate 
containing approximately l$% blaok oxide from a large quantity of sand 
tailings which were the property of V.3.V. the output of this plant, 
total lug 100 tons of "JjQg in concentrates, was delivered directly to 
Linde (4pp. CI). 

Concurrently with this processing, arrangements were taade 
with U.S.?. to build and operate plants at Burango, Colorado, and 
Oravan, Colorado, for the preliminary oonoentration of the ureniuis 
content of the sands by a proeess involving leaching with sulphuric 

aoid and subsequent preoipitation with oauatio, filtration, and drying 

it 

of a concentrate oalled green sludge, containing 8$ to l&X blaok oxide* 
lines the aoid leaching prooess else removed the residual vanadlua 
content froa the sand, it was necessary to process further the con* 
oeatratc froa the Durango and Uravan plants, to remove the mjority of 
the vanadium content and recover it in usable form as a by-product. 
The plant for tills operation was located at Grand Junction, Colorado, 
to whioh point the Surango and Uravan green sludge was- brought by truck, 
and from which point a concentrate known as yellow sludge, containing 
lQ,i to 15)£ U'gOg and Z% V^Qq, was shipped by rail to the Linde refinery 
at Tonawsnda, Hew York. The Cirand Junction process involved, essentially. 
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roasting of the &rfce:i sludge with soda ash to mke the vanadium 
. soluble in water, leaching of the roasted :aatarials with water to 
resaove the vmn&dixm, tmd, finally, the drying of the leac)iad sludge 
to produce the final product, yellow sludge, hi acoessory operations, 
the Yanediua dissolved froa the green sludge was rscovarod as red cake; 
which was then converted into a salable form of fused vanadiua pentoxicle 

Construction and operation of the Qororasmit plants at 
Durango, Uravan, and Grand Junction was started in March 1943 by the 
V, S. Vpnediua Corporation under cost-plus-fixed-fee oontraot Ff-7408 
eng-32. Construction cost of these plants was approximately #1,891,080 
and operating cost was approximately $203,000 per month, with a fixed 
fee of |6,000 per south, starting from the beginning of operations in 
September 1943* The designed capacity of these plants were as follows i 
Uravan, 300 tons of sand tailings per day* Durango, 100 tons of sand 
tailings per day) Grand Junction, capacity sufficient to handle the 
concentrates from 600 tons of sand tailings por day. 

Contract W-7408 eng-201, which covered the production by 
U.S.V. of the ore concentrate froa its own alii at Uravan, Colorado, 
had been established with certain unit prices, namely, #1.10 per pound 
of contained OgOg and #0.30 per pound of contained VjjOq in the product. 
However, after the contract had been in operation for a sufficient 
length of tine to produce approximately 160 tons of UgQg in the con- 
centrates, it was stated by U.S.V. that because of a decrease in the 
country's need for vanadium, continued production of large quantities 
of vanadlua pentoxide would not be warranted* The li. s. 'fanadiua 
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Corporation requaated suspenaion of Contract ^-?40fc in order 

to avoid a financial loss, but they were willing to enter into a 
oost-no-foe contract for the production of a. uraniuav product only, 
frost sand tailings. Xhia was to the advantage of the Gorernwent sinoa 
it provided Government supervision and an ineroaaad recovery of 
uranium from, available domestic sources. The alternative would have 
boon for the Covornaeat to hold tf.a.V. to Contract if- 7406 en&~2$L, 
in which oaae U.S.'?. would have been required to operate in suoh a 
way as to minimise their financial lose, This alternative would have 
resulted in a depletion of supplies and a serious reduction in the 
useful life of the Governnent** owned Uravan plant because of lack of 
raw s&teriala to be prooesaed. It was also found that this zaathod of 
operation would lose irrepleoeebly about 95 tons of UgO^ whloh would 
be recovered if the U.S. v. tfravan plant operations ooniinued under 
conditions of maximum recovery racier than of minimum cost. With 
those considerations in view, it was decided that it would be in the 
best interests of the Government to suspend operation of Contract 
sr-740o eng-201 and, by supplementary agreement to oost-plua-fixed-fee 
Contraot H-740S eng-38, to take up Oh* operation of the U.8.V. Uravan 
plant on a cost-no-fee basis, and have it operated to secure mximm 
recoveries of uraniuai. This ohange-over was made effective /January^lS 
1944 by supplemental agreement to both oontraots (App. E22.-E27 ) • 
Jrom the beginning of operations to (January ]Lj 1947, a 

A 

total of 8&1 tons of iigOg in yellow sludge was produced by the U.S. 
Tsnadiura Corporation, at an operating expenditure of approximately 
H, 871,140. 
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There is not included in the above aoet the credit value of i 

I 

924 ton* of vanadium pentoxide (VgOg), produced as a by -product at the 
Grand Junction plant. This material has been transferred to the Treasury , 
Oepartaent to be retained as a reserve of a critical aaterlal. 

Operations of the plants in the Colorado Area are suamrised 
by the graphs in Appendix 04. It will be noted thet the unit oosta 
of the Durango operation and the U.S.?. 'Jravan operation have risen 
rather than decreased. In the case of the Durango plant* the reason 
for this rise has been threefold! (a) decreased rate of availability 
of feed stocks, (b) decreased percentages of urauiua in the feed stocks* 
and (c) Increased chemical consumption which was caused by change* in 
the nature of the feed stock*. 

In the case of the tJ.O.V. Oravan operations* the reason for 
the higher costs after the shutdown ha* been the change frost unit price 
operation to go s t- pi us - f ixe d-f ee operation under such conditions a* to 
secure aaximua recovery of uranium contained in the feed materials, 
as discussed above. Xhe variation in cost froa the beginning of 
operations in aid 1944 to the latter part of 1946 result* largely 
from change* in rate of plant operations* under conditions whore a large 
part of the total cost* are indirect and do not vary with production* 

In connection with operation* in the Colorado Area* a 
considerable quantity of research and development work was done* sosse 
of which resulted in improvements in processes and reduction in 
operating costs. Processes wore developed and engineering estimtea 
and designs have been oade which demonstrate that* if future operations 
are undertaken on uranium-containing materials of the typo found in 
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the Colorado Area, new plants using lispi-oved processes oan be uouafcruoted 
and operated at reduced ooste. 

Credits' for tile jaajority of the ideas studied, upon which 
developments were based, is due various members and assooiate research 
laboratories of the Ar&y groups. The research and development ol* these 
ideas was- oarriod out by the U.5.V. laboratories in the Colorado Area, 
in collaboration with Goverutteni-operated laboratories in the easts area* 

7-8* Concentrating of ^aarioaa Ores by Vanadium corporatism of iteaerloa 
The "'an&diuai Corporation of America, under supply contracts (iiee Part a, 
Section 4), processed in its own refineries in the Colorado area at 
Monti cello and Haturita various ores from which were produced black oxide 
concentrates, containing approximately 46# black oxide and 25$ vanadium 
pentoxide, wiiioh were then delivered to the vitro *4anufaeturin§ Uoapaay 
for further refining. 
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qaartttfo**. - la tha «»« of 1°4» tho KaUinokrodt Shoal oal 
%*ka, ta aaoporatloa with tho 08KD aad the Uni varsity of Chicago, haft 
doralopod a proooaa for th* aaa»faetara of nraaiam ooaeoaada of high 
parity* thia paroooaa **■ aaaad apon tho extraction, with other, of tha 
taraaiaa froti its ir»j>**e eolation In nitric sold, wrier aaah ooadttioaa 
that th* iipttitlae reaalaed la tit* solution, She pttrlflod urfttiiua nl~ 
trate vse Umi MUt dova and do»aitsrated by yeanting to produce tiui 
orange ojdde (urftnittia oxide, , which «m« than rednned to the %vwa 
oxide (araaima dlosldo* ay boating is aa ataeephore of hydragea 

$S)>. Ma prooOM had aarer Ifcaen aaed oft * ^mt&wroiftl seal* and 
faeiXitiaa far ita aa* did not exlut. Mao* it ana tha rnOy known $mmm 
whieh vtmld |>redaoe notarial of th* required pwlty, it haaeii* nooegtary 
to coimtmct oad fat into operation, at tho faatoat po«»il»lo rat#» adaajuate 
f acllitta* for tho utUtsnUoa of the preoaae, to prodmo* tho required 
lanaUtia* «f fttfiflod wnataai eeanoattd** fellaviag th* haai* plan of 
proTiding thrae parallel ohaln* of onayation with oartain «oc««ttory oaits, 
Nmatfanojii* *«ye aad* aad a*$»H4tioa* war* hagaa for tho oenatraatlen 
aad oparafcion of tat rotalred fneilltia*. Siaoo th* lii31laokrodt Ch«»i«al 
Wortee had davoiepod .tho proooao aad .had tho kao*»hev, they vara ohoaoa a* 
a aait of oao of th* thraa ohaiaa. Mad* Mr frodaata Coapany, with ha©*- 
hew ia tho refining of nraniaa* and already aoooeiatad with tho j*r*£**t 
aad wall •oparatod gee^aphiaally from th* Malliaekrodt plant, we* ohoaoa 
aa a unit of tho aaeoad ohaln* S. I . da Pont da Jfeaoare ft Caapaay, vith a 
plant loo&tad at JJeopweter, ». J. • aeroaa tho Balnwaro Kltar froa Vilaittgtoa, 




Dalavara, wm aattoolatad with tha projoot, throng tha QSKB, in tha 
*to;> of a^^aelroarlng th* graoa salt, d*tailad in 3a*tloa 9 haroof. 
Slnoa thi» eoawaay had vid* t^«>i«« la th* oh»»io»l field aad the 
^graohioal location «** eatlafaetory f*w* th* wearily standpoint, 
sJu Pont «&* «l*ot»d a* * wilt of th* third chela of operation*. 
3?ro«e*«e* at sll plaat* var* booed apoa the ori«iaal Kalllaekrodt deoiga 
with oaly asiaer variation* (Jpj> # 03). 

MfatimB SfTfflMI ffisUt Fliffl*.- *he Kalliaefcredt piaat for tho 
prodaetiea of %row& oxide ie loeated At St. leule. Ho. fhio plant, using 
either ooEi-ssretal alaett oxide or aed* ealt, predated a highly jnsrifled 
arena oxide V th* a** of an ather extraetlea preeeae developed tqr 
JtaUiaeferodt, and deeerihed aheve« ia para^sa* jMU. la addition to th* 
bro*a oxide,, thl* float alee produced e«en#e oxide and uoraniua nitrate 
haxahydrate <^(m B )^m^) ae lateraediate eeupouade. 

£*@otiatlea« with MaUlaelaredt la th* fall of 1943 and early 
1943 resulted ia a d*el*iea td**rehy they wald eenstruet, a* th«lr ova 
' property n«d at thalr o«a oxp«n»#, a float designed to oroeees S3 toa* of 
olaek oxide or oeda salt par ueath lata "brown oxid* or th* othar eoaaouad* 
aoatioaod ahevo* 

SEh* baste Contract &-74©a eng*! emUed for tho preduetioa of 

160 toao of Iwewi oxide or equivalent, at a unit prlea of $X*50 par pound 

1530) , the rat* of delivery wo* to be on* toa par day* six day* a 
w«ek. This contract was aada effective 30 July 1943, la ordor to include 
that aatorial predueed aadar lattor eoatraet vith th* Stone A* Webster 
SB*iaeering %rporatioa aetia* for th* 0SB». Opera tione ia tho expanded 
plant vara ftartod early ia 1943. 




Through various improvements in the process, the majority of 
which were developed by Mallinckrodt, the capacity of their plant has been 
increased from the designed rate of 52 tons of black oxide per month to 
a final capacity of approximately 165 tons per month, or more than 200$ 
increase. At the same time, the improvements in operation and resultant 
economies permitted a reduction in unit price, from the basic contract 
rate of $0.38 per pound on termination of Contract W-7&05 eng-1 {App. D?). 

After completion of deliveries called for under Supplement #2 
of the contract, Mallinckrodt, in reviewing its costs, found that through 
various improvements put into effect since the quotation for this supple- 
ment was furnished, costs had been so much reduced that the price for 
the 400 tons of brown oxide covered by that supplement could be reduced 
from $1.11 to $0.70 per poundj and Mallinckrodt therefore made a 
voluntary refund for this quantity, totaling $332,000 (App. 131). 

Mallinckrodt continued to operate the Brown Oxide plant until 
May 1946, when operations under Contract So. ft-7405 eng-1 were terminated 
and the plant was dismantled. From the start of operations until Hay 
1946 Mallinckrodt produced approximately 4,190 tons of orange and brown 
oxides at a total processing cost of .$4,745,250 (App. F-8). In these 
operations, handling large quantities of uranium oxide, Mallinckrodt has 
accounted for 93.81$ of the materials furnished to them. 

As mentioned above, Mallinckrodt engaged in considerable research 
in developing and improving the other extraction process, which resulted in 
large increases in efficiency of operations, reduction in costs, and increases 
in the capacity of equipment. They also engaged in the development, with the 
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Tale University Laboratory, of proc eases suitable for the direct and 
continuing extraction of high grade ores* 

On the basis of this work, it was decided about May 1945 to 
construct a new continuous extraction plant to produce 200 tons per 
month of Brown oxide from high-grade Pitchblende ores. A plant was 
designed by Mallinckrodt and construction was started by B. B. Badger & 
Sons Company on 15 June 1945 and completed on 15 June 1946 at a total 
cost of f3»696.3oO« ^ e cos * °* constructing this plant was paid for by 
the Go verruaent « Mallinckrodt has operated this plant since Kay 1946 for 
the Government on a unit price basis under Contract Ho, 1-14-198 eng-8. 
The Refinery has operated below its rated capacity through moat of the 
year as a result of certain operating difficulties and chancres which 
were made in the plant. However, the rate of operations increased con- 
tinuously since the start of operations until it reached 100 per month ^ ■ 
in December Since the start of operations through 31 December 

1946, 507 tons of Brown and Orange oxide have been produced at an average f 
cost of $0.82 per 'pound* 

8-3. H Font Brown Oxide Plant * - The du Pont brown oxide plant is lo-.'. : 
eated at feepwater PjU*, Hew Jersey.; At this plant are also located the Ifffe 
du Pont Chambers Works activities which produce organic chemicals* dye Wzl:' 
stuffs* etc. The du Pont plant manufactures brown oxide* by the standard ; . . .'^ 
ether extraction process previously outlined* from uranium peroxide sludgei 
which is the product of the de Pont recovery plant (See paragraph 8-5), from 

which is produced as dross in certain of the metal fabrication operations* * 4% 

The du Pont brown oxide plant was constructed on a cost-plus-fixed- 
fee basis under Contract W-7412 eng-3, which includee aleo the plants for the 



production of greon salt and ur amine netai. Ehe total eenatraetion eoat 

wat 11,050,000 (S«e top. IB), the Majority of which It chargeable la the 

brown oxide portion of the oqalpaoat, «hlch laolu&eo oeasidarable special 

•talnleae atael aqolpaaat tor the handling of nitrle add solatlona. 

She A» ?<»t ferovn oxide plant, together with tha additional 

•tope ttentloaed, la operated on a coat-plne-flxed-fee baalo. Oper&tloac 

of tha brown oxide step coanenoed Is early June 1S4S and hare proceeded 

without ocrleuc difficulty alnea that tine, du Font*t total production 

of brown oxide hen been 1.970 tana, at a eaei of $1,891,060 or an average 

preeea»i»4S coat of l0.4i par pound for thla etep. She preeent Mat of 

$0.45 par pound le a diotinot reduction, under aarliar coate, union eaa 

ha attributed t» the develenaent of lnu*e*ai operating cathode and t eeh- 
qwd D7 

nlouce on the part of the operatore (nop. 36). Of Mm total quantity of 
brown oxide produced by du Pent appronlnatal/ 1,370 tone, or S4$ hate heen 
produced fren various eerap and byproduct natarlala «hleh were fad either 
to the provioua atop (Keeoverjr Want) or Airootly ta the hrown oxide plant, 
depending upon the quality of the feed. It will ha team from title figure 
that the recovery opemtlona were of najor Inpertenee In nacarlne the neat* 
lug of project rcuniremnte with a ndninajn of new Material o. 

an a rotult of improved affidenetea In all eperatiene, the 
onentitlen of aomp natarlal idiloh are recirculated to the da Pont plant 
hare bean aignif loantly reduced. 

8-4. Mftrtf Pttm ftalflj £XaaV- Undo Air Producte ©onpaay, lecated 
at Tornivanda, Sew Tork, ooaatrueted and operated a plant for the produc- 
tion, in three eoneeeutlve atapa, of blade oxide, hrown oxide* and green 
aalt, The prooaaa uaed followed In ita satin nolate that of the Malllncfcrodt 



plant* involving ether extraction, de-nitration and reduction of the 
orange otlid* idtfc hydrogen to f ore brova oxide. In the hydMfW>«tdMfe 
tien step this pl^nt'a process differed slightly froa the Kallittdcrodt 
and dn ?ont plsaitfl la that continuous rotary kllnt were u*ed rath«r than 
the baton process at the other plant*. 

fhs Xinds brown oxld* plant was constructed a* a part of contract 
**.?40l cng*14, which ha* been referred to in connection with Undo' • or* 
refining operation in Section ?• lha operation of thi* plant tinder Contract 
*»?401 «a*>14 was on a oost-plus-fixed-fee basts. She f*a for the oparation 
of all step* wa* $12,500 par nonth and tha operating cost of th* brovn oxide 
atop una $480,470 fron tha tiaa it wao a tar tad in Aagaot lt43 until tha tin* 
tha plant wa* ahnt down and plana* in standby condition in tha spring of 
1944. Soring till* period, a total of approximately 300 ton* of brown oxide 
wa* produced by Linda, at aft average processing cost of $0.75 par pound for 
thi* step, Significant redaction* In operating coat a were and* so that at 
the tine of shutdown the unit oo*t had been reduced te approxlnntely $0.40 
per pound (App. 4). 

4 combination of eireuaetenees resulted in the decision early In 
1944 to place the Linde brown oxide plant in a standby condition* Seduced 
•applies cf black oxide te all operation* had resulted in an excess of 
brown oxide production capacity over supplies available as Input to the 
brown oxide stop, and a review wa* and* of all operation* to deternlae 
which one could be shut down. Kallinckredt wn* processing approxiaately 
110 tons of brown oxide per nonth oonpared with total brcwa oxide ro- 
fuiranents of approximately 160 tons por nonth. Xf the Mallinckrodt 
operation were shut down, inadequate edacities would remain in the 
other two plants to supply requirements and to consume available supplies. 

8.6 



The duPont operations wen? jd^gdJW^their recovery plant operations 

which were producing a wet uranium peroxide sludge for feed to the duPont 
brown oxide plant, and considerable difficulty and expense would have been 
involved in preparing the peroxide in such form that it could be shipped 
to other brown oxide plants for further processing. In addition, the Union 
Carbide and Carbon Corporation, in connection with its work on production 
of nickel compounds for the K-25 project, had need for certain facilities 
similar to a portion of those in the Linde brown oxide plant (App. E32). 

In view of the foregoing considerations, the decision was made 
to place the Linde brown oxide plant in stand-by condition and to use a 
part of its facilities in the 5-25 work during that period* Since the 
completion of the work on nickel compounds described above, the balance 
of supply versus requirements and capacities has been such that there has 
been no need to reopen the Linde brown oxide plant. However, in order to be 
prepared for any emergency or disaster which might interrupt operations in 
other brown oxide plants, the linde plant has been maintained in stand-by 
condition* 

8-5. duPont Scrap fiecovorr Plant , - In the majority of chemical process- 
ing plants and metal fabricating plants, there is a production of by-products 
and scrap materials. This holds true also in uranium processing; in each of 
the various steps there are certain waste or scrap materials produced which 
contain uranium in significant quantities. The majority of this scrap comes 
from the metal production and fabrication operations required for the X-10 
process (See Sec. 10). In the metal production operation, approximately 2% 
of the metal charged appears in the by-product slag from the magnesium re- 
duction process and approximately k% appears in drosses from the recasting pro- 
cess. In the extrusion process, in addition to the solid metal scrap, 




k 

raetal oxide* constituting approximately 1$ of the Metal extruded, is 
produced as $e?m. In other operations of th« urftniofv.rsroees sing ehatn, 
the norms consists of residues, materials recovered from effluents, suaos 
"ind drainage systems, dtut recovered from v»n til/a ting sgrttsras, and floor 
JiweepingS (App. 354). 

In order to recover th« uranium content of th« various $cr«p 
materials and put It back Into pro cos*, dn Pont* at the request of the 
Manhattan 251 strict, developed a raathod for handling these scrap materials. 
fh« da Pont recovery plant at Dsapvatar Point, Saw Jersey, It adjacent to 
their brown oxide processing plant. She plant ie adapted to the process* 
ing of nearly all types of sernp aaterlala and produces free them a vet 
uraniua peroxide (IX^.SSgO) sludge, which ie meltable for charging directly 
into the brown oxide process in the tana aenner a* if it vara blade oxide 
(Map, 04), 

She construction and operation of the plant for this recovery 
proeeee was undertaken by da Pont ttnder eost-plne-f lx*A-f ee Contract 
tf-7413 eag«23. fhe construction eoet of this plant wee anuroxlnately 
4842,280. <Sea 4pp. 

%e designed capacity of the- plant wee originally 130 ions of lev 
value slag and scrap aateriale per aonth and 14.5 tons of hi$i value dress 
aaterial per south. 2he original proeeee used involved the grinding and 

roasting of the scrap Materials, then a treatment vith snlphnrio acid in a 
high tempera tore retort to drive off hydrofluoric add frea the fluoride 
contained in the scrap, followed by a treatnent vith line, filtration to 
remove the "bulk of the slag isanarities as "gyp oaks", and finally a precipita- 
tion of the uraniua content of the solution by addition of hydrogen peroxide. 
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She precipitate of uranium peroxide was removed by centrifuging, producing 
a wet sake which «ns charged to the brown oxide pro com. 

Operation of the recovery plant began late la September 1943, 
soiaa difficulty was encountered in obtaining » product of satisfactory 
lov fluoride content (which it essential in the material charged to the 
brown oxide process) and in reaching designed consumption rates. Farther- 
ssore, it wee found that the ooet of operating the hydrofluoric acid re» 
sbqtaI step was considerably acre than the value of the hydrofluoric acid 
produced (%>p. 335). Baring this period, a large backlog of scrap mater- 
lala in dross had bean accumulating, and, in May 1944, du Font was re- 
quested to sake the necessary changes and additions to provide for in- 
creasing the processing rata to 310 tons of lov value materials per acuta 
and 36 tons of high value dross material per month, with such changes in 
methods of processing as would be necessary to take care of the fluoride 
situation. Before du Font had developed a satisfactory nethod for fluoride 
removal, Tale University, acting under direction of Kadi eon Spare Area, 
developed a method, involving the use of alusdnum sulphate, to prevent 
the fluoride fron contaminating the precipitated peroxide* Shi* method 
was adopted in the revised recovery plant and it was found possible to 
dispense entirely with the hydrofluoric acid removal system, which elimi- 
nated certain bottlenecks in the plant, and allowed the production of high 
quality peroxide, The adoption of thic method of operation in the recovery 
plant made it possible to increase censnaption of dross and slag to a total 
of 280 tons per month, with practically no additional equlpmeni except for 
a steam dryer to handle certain wet scrap material. Th» plant has operated 
satisfactorily since this period and has rapidly depleted the backlog of 
scrap malarial. 




a total of 5,486 ton* of «orap nafcerial ha* been canramA by the 
recovery plant from the beginning of operation* to 1 January 1947, end 
from the*e Materials, iipproxlaufttely 983 ton* of equivalent blade oxide 
hava baaa produced, at a total operating «o*t of approximately $2,394,130, 
or an avwaga proceeding so at of $1.17 par pound for thla operation. Sine* 
the dir«set cost of thl* operation la Influenced primarily by the consusap- 
fcion <^t swap, rathor than by the output of peroxide and since, a* th* baote- 
log of eerop laateriale ha* boon conwuaed, tha uranism content of aval labia 
fooda haa bean nrogreeaively decreasing, tha aonthly unit coat baaed npoa 
tha peroxide output haa recently been trending upward. Actually, however, 
tha monthly total coat haa shown a alight trend downward aa operating 
aathoda and technlqueo hare laproved. fha oo*t graph Up?, above 
tha effect* of tha varlouo operating factor* &i»eas*ed above, 

Through tha ue* of thl* recovery plant, more than 98$ of tha 
uraniaa content of tha scrap Batertal*, which otherwise could not haw 
been repre>ee»**d, haa beam r amoved and put back Into the processing cir- 
cuit, where it will eventually be converted to usable feed aatarials. 
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SECTION 9 - PftOl'OCTICW OF GREEK SALT AMD HZXAFLUCRITE 



9-1. Operatio ns. - At the time the Manhattan ^strict took over the 
procurement and production of uranium-containing materials, the OSRB had 
made arrangements with duPont and Harshaw Chemical Company for the develop- 
ment of processes and the production of small quantities of green salt 
(uranium tetrafluoride, Processes previously available were long 

and complicated, expensive to operate and involved various wet operations. 
duPont and Harshaw had each put into small-scale operation dry processes 
(differing only from each other in detail) which involved heating brown 
oxide to a high temperature in an atmosphere of hydrofluoric acid, which 
converted the brown oxide to green salt in one simple dry operation, and 
the only additional step necessary was grinding the cake of green salt 
into a fine powder (App. C5). The process was therefore adopted for all 
plants required for the production of green salt. However, Harshaw has 
found it unnecessary to grind the green salt for conversion to the hexa- 
fluoride. Operations are summarized in the production and cost graph 
(App. D9 and 10). 

The large-scale plant for manufacturing hexafluoride (uranium 
hexafluoride, 0F O ) , which is the feed material for the K-25 process and for 
the S-50 process until it was shutdown in the fall of 1945, was operated by 
Harshaw. The process consists essentially of reacting green salt with 
fluorine to obtain the hexafluoride (App. C6). A summary of production and 
prices is shown in App. Dll a 

9-2. Mallinckrodt Green Salt Plant . - Mallinckrodt, in a building 
adjacent to its property at St. Louis, Bo., operated a plant for the pro- 
duction of green salt from brown oxide produced in previous Mallinckrodt 
operations, and used a process similar to that used by duPont. 



Graphite boxes with graphite shelves were used to hold the 
brown oxide while it was fluorinated within steel retorts at high temp- 
erature. The green salt produced is ground sufficiently fine for use 
in the next operation, that of processing green salt to metal. Mallin- 
ckrodt undertook construction of the plant under lump sua Contract 
W-7405 eng-13, which also covers construction of a plant f for the manu- 
facture of uranium metal. In order to accomplish this construction, 
additional building apace was rented, from the St. Louis Sash and Door 
ffbrks, adjacent to the Kallinckrodt factory. The plant was built at a 
total cost of #632,400 for both the green salt and metal steps. Operations 
in the green salt plant were begun in April 1943 under Contract W-7405 *ng- 
29, which provided also for the operation of the metal plant. Operations 
under both of these plants were on a unit price basis (See App. F8) . Under 
the basic contract, production of 150 tons of green salt, at a unit price 
of |0. 97 , was contracted for, with the brown oxide raw material to be fur- 
nished by the Government. Through several supplemental agreements, add- 
itional quantities of green salt have been ordered, at generally decreasing 
rates, the cost under the latest supplement being $0.28 per pound. The 
total production to 1 January 1947 has been 2,926 tone of green salt, at 
a total processing cost of $2,591,120, or an average processing cost of 
$0.44 per pound for this step (App. P-10). 

The large reductions in price obtained from Kallinckrodt in 
this operation are due to the adoption and installation of various im- 
provements in the plant. During the whole period of operation, the 
Mallinckrodt green salt plant has produced uniformly high quality product, 
with but insignificant interruption in production of material. 

9-3. dupont Green Salt Plant. - The manufacture of green salt had 



been carried out Initially by duPont under GSSD auspices, the Manhattan 
District took over this work and incorporated it into Contract ¥-7412 eng-5, 
which was effective 29 July 1942 (See App. F8). Operation under this con- 
tract was on a small-scale production basis at first but, after other larger 
plants became available, continued operations under this contract were for 
experimental and developmental purposes. The contract was established on 
a unit price basis and under it approximately 108 tons of green salt were 
produced; the first 31 tons at a unit price of $2.00 per pound and the 
balance at $1.25 por pound, for a total cost of about $320,000, Since all 
of the major green salt plants were operating satisfactorily in the fall of 
1943 and since no major research work was in progress or contemplated which 
could then be carried out in the pilot plant, operation of this unit was 
suspended as of 19 October 1943. 

As mentioned under the section on brown oxide, duPont, as an 
additional step in the chain of operations for the production of uranium 
metal, had incorporated under Contract W-7412 eng-3 ft plant for large-scale 
manufacture of green salt from brown oxide produced in Its initial operation. 
This plant was in the same building as the brown oxide and the metal plants, 
and was constructed under Contract 9-7412 eng-3 on a cost-plus-fixed-fee 
basis. Production of green salt was begun about the middle of February > : 
1943 sad operations were designed to handle the full output of the previous 
step, that is, approximately 47 tone of brownpxide per month. 

In the early summer of 1944, when the supply of raw materials 
began to be insufficient to satisfy the capacity of all plants, a study of 
quality, yield, and comparative operating costs at the several plants 
producing green salt indicated the advisability of suspending operations in 
the duPont green salt plant. The plant was therefore placed in stand-by 
condition and was so maintained in order to satisfy any emergency requirements. 



From the beginning of opera' 




tfetMl the time of shutdown, the total 



coat of producing 608 tona of green salt was f £69, 170, or an average 
processing cost of $0.71 per pound in this step. Just previous to the 
suspension of operations, the average unit cost was slightly higher than 
unit prices at other green salt plants (App. D9) . 

9-4. Harshaw Green Salt Plant . - Prior to the formation of the 
Manhattan District the Harshaw Chemical Company at Cleveland, Ohio, 
under arrangements made with the OSRD and its agent Stone & Webster, 
was producing green salt on a small-scale basis (App. E35) . When the 
Manhattan District undertook the work of uranium production in the latter 
part of 1942, arrangements were made with Harshaw for the continued pro- 
duction of green salt, using a process similar in principle to that used 
by the other manufacturers. The details of equipment in this process dif- 
fered from the others in that the raw material, brown oxide, was placed in 
magnesium trays which were in turn placed inside of steel tubes lined with 
magnesium. Later nickel trays and steel tubes were adopted and this type 
is in use at the present time, the tubes are externally heated electric- 
ally and hydrofluoric acid is passed through the tubes to produce the green 
salt (App. S3 6) . The production of green salt was carried out under Contract 
9-7405 eng-2 on a unit price basis, effective 1 September 1942 (App. F8). 
Expansion of the green salt plant was completed in early 1943 by Harshaw at 
its own expense and the expanded plant had a capacity of 25 tons of green 
salt per month. The total quantity of green salt produced, from the be- 
ginning of the contract until its completion on 21 duly 1944, was approx- 
imately 469 tons at a cost of 1634,630. The processing cost for the first 
quantity produced was $0.92 per pound for this step and this figure was 
gradually reduced to $0,48 per pound on the last quantity produced (App. D10). 
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Contract W-7405 eng-2 was allowed to expire as of 1 October 1944, 
in order that the facilities might be used as the first step of a two step 
process for production of uranium hexafluoride for the JE-25 and S-50 pro- 
cesses and subsequent to September 1945 for 1-25 alone. 

the contract under which the green salt was made for this 
process was W-7405 eng-27©, effective 5 January 1944* The present capacity 
of the facilities on 1 January 1947 is 60.5 tons per month. However, the ~ 
manufacturing facilities for green salt were being expanded at contractor's 
expense as of 1 January 1947 to a capacity of approximately 81 tons per 
month. Construction was scheduled for completion and operations at the 
higher rate to commence on or about 15 Janury 1947* The unit price for 
the first quantity of material produced under W-7405 eng-276 was $0.40 per 
pound. This has been gradually reduced to the current price per pound of 
$0.33* 1,171 tons of green salt had been produced under this contract to 
1 January 1947. 

On 18 October 1944 an urgent request was received from 1-12 for 
the production of 40 tons of uranium tetrachloride (OCl^) at the earliest ; 
possible date, by a process which had been used in the laboratory but had 
never been used commercially. Since H&rshow had produced OCl^ on a labors- 
tory scale, it was believed that the maximum speed could be secured in 
fulfilling the request by having Earshaw undertake the work. By 7 Roveaber 
1944, only three weeks later, Harshaw began large-scale production of this 
material under Contract W-26-Q21 eng-4, and the 40 ton order was completed 
on approximately 1 January 1945 at an overall unit price of #0.64 per pound. 
An additional 32 tone of uranium tetrachloride for T-12 was produced from 
residues under Supplement lb. 1 to this contract at a unit price of $0,285. 
Total cost under this contract amounted to $68,800. 




g-5. Llane Green ?ialt Pleat. - Linde, la the third step of its chain 
of operations, produced green salt fro* the browa oxide produced in its 
second step. Ihe plant for this work was constructed under Contract 
$-74:01 eng-14 on a cost-plus-fixed-fee basis, and was operated under the 
same contract (,ApP* construction, coot of the green salt step 

was approximately 1518,1550. The prooess used in the operation was almost 
identical to that used by Harahaw, with the exception that arrangement a 
wore wade for th® reoovery of exoees hydrofluoric aoid and separation into 
high grade anhydrous hydrofluoric acid and low grade hydrous hydrofluoric 
as id. The high grade aeid was recycled through the process, reducing the 
net requirement, and the low grade aeid was sold to eesasereial users, 
thereby reducing the operating cost* the green salt operation* began in 
October 1945, approximately two months behind the scheduled date, ^arly 
operating difficulties were few and operation* quickly attained the necessary 
rate. Although the plant was designed to produce 58 tons of green salt per ■- J 
month, experience Indicated that approximately 30$ more than this (|uantity 
could be obtained. Operation of the Made green salt step was concluded 
onlJuly 1940. The cost of oontinulng this operation would have been 
excessively high since this operation would have had to beer the total 
overhead and administrative costs of the refinery and brown oxide steps 
with which the green salt atop was integrally associated, f he refinery and 
brown oxide steps had been terminated under conditions and for reasons men- 
tioned previously. From the beginning of operations to 1 July 1946, 2,060 
tons of green salt have been produced, st a total processing cost of 
Sl # 394,d70, of which 1167,600 covered Government-furnished material. 



9-d. Bar shew Hexaf luoride , Plsnt . - The plant for manufacturing uranium 



(App. 07). 




hexafluoride, which was the proeea* gee feed material for the X-26 and 3-80 
projects and subsequent to September 1946 for the pro;}©ot only ta 
operated by Hkrihw on their property known as the Brooklyn plant ia 
Cleveland, Ohio, the same plant la which the groan salt was sianufactured. 
This plant produoe* hexafluorido by She reaction between green salt and 
eleaental fluorine. The prooecc consiata of passing fluorine over treys 
containing green salti the resultant hexafluoride volatilises, ia sump* 
out of the reaotion vessel, and ia ©aught in cold traps. The crude uaater- 
ial is purified by distillation to remove hydrofluorio acid ( if) and inert 
gaaea. It is then placed in suitable containers for shipment C6). 

Research work on the hexafluorid© had been carried out hy 
ciuPout uader OSKQ program and, when the Manhattan District asau re- 
sponsibility for production of tho prooaos gas, bhs work at duPont, whioh 
had ro suited ia ievelopaeat of a satisfactory tsethod of production, was 
continued under Contract 3-7413 ong- 10 (later incorporated into Goatraot 
S-7413 eng-181) effective 13 February 1943 with dugout (3o» App. F8). 
In addition. It was decided to have iiarshaw carry out further development 
work, whioh #ea done under Contrast *.»-740© en£-43, effective 18 Maroh 1943* 
sinoo they possessed on exceptional background of oxpsrienoe in processing 
inorganic fluorides and had done work on similar taateriala for the G3BD 
(4pp. £37, ESS, S39). 

The plant for full-seals pi-odmution was constructed after ex- 
tensive research and development work which included not only the design 
of the reactor equipment but also the design of a suitable fluorine cell. 

The contract for the production of hexafluoride was awarded to 
Ifsrshaw undar Contract 'V-74QS ®ng-27S, ef/'ective g January 1944, after 
competitive bide were received from Harshaw and duPoot. aarshaw subsisted 



a lower bid than duPont for the construction of the plant and installation 
of equipment (App. E40-E44). 

Contract 1-7 W) 5 eng-276 covers construction and operation of the 
plant, which was equipped at a cost of $480,000 (the building for the plant 
was constructed at Harshaw's expense). Subsequent to the construction of 
the original plant, additional equipment was purchased and partially in- 
stalled, at a cost of $322,000, in anticipation of increased requirements 
for tiie K-25 and 5-50 plants. Since this increase did not materialise, 
the expansion was cancelled when partially completed. However, in 
September 1946, it was decided that the plant would be expanded and on 
1 January 1947 the work Involved was well under way. 

The contractor, Barshaw Chemical Company, offered a bid to do 
the necessary work at a cost of #123,360 under Supplement 19, effective 
26 September 1946. Production at the increased rate was scheduled for 
1 February 1947. Production of hexafluoride was carried out on a unit 
price basis and the contract initially called for a plant capacity of 
1.65 tons per day, to produce 87.5 tons of product at a rate of 5*5. tons / - ; 
per week during 1944} the cost of production from brown oxide was to be 
$1.35 par pound, and from green salt $0.95 par pound* In a supplement to 
the contract, dated 6 Sovember 1944, plant capacity was increased to 2.25 tons 
per day, and in Supplement 19 to 3 tons per day* 

To 1 January 1947, the plant produced a total of 1,615 tons of 
hexafluoride} current contract price per pound of producing hexafluonide 
from green salt is $0.60., k summary of the production rates and unit i i 
prices for processing in this operation is shown in AppendlxEH. 

During the course of the operations, Barshaw, at the request of 
the Manhattan District, in the same equipment used for the hexafluoride, 



manufactured a special lot of about £.5 toas of uranium oxyfluoride 
(COgFg) by fluorination of the orange oxida. Because of its physical 
activity and properties, this material was particularly difficult and un- 
pleasant to handle) however, Harshaw processed it at the same cost in effeot 
at that time for its regular green salt operation, that is $0.48 per pound, 
under Contract W-7405 eng-2, at a total cost of $2,270. 
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SECTION 10 - PRODUCTION OF !5ETAL 



10-1. Operations ~ At the beginning of the Manhattan District 
oetal manufacturing prograua, three processes were avaluatad on a pro- 
duction basis, lom State Collage at Asms, Iowa, was using a process 
involving the reduction of green salt with oaloiua at high teaperaturt 
Metal Hydrides, Incorporated, at Beverly, Massachusetts, was using 
calcium hydride to reduce brovm oxide ) and ?lestinghouse Electric and 
Manufacturing Co. at Blooafield, flew Jersey, «u dissolving green sal' 
in oaloiua chloride and electrolysing the solution to the metal. In 
©ach case, the aetal obtained by the aoove described operations im 
later reoaet in induoti on-heated vacuum furnaces. Further developzaen 
at Iowa state College demonstrated the feasibility of substituting 
magnesium for calcium in the reduction of green salt and this sub- 
stitution greatly reduced the cost of preparing the metal by the re- 

■ » 

auction of green salt. This process was adopted in the zaajor metal 
smnufacturing plants then under construction (App. 07). 

Aooording to the original throe-chain plan of operations, 
aetal producing operations, were located at the plants of Mallinckrodt 
du Pont, and Electro Metallurgical Company, the latter as part of the 
Linde chain* Iowa State College, which had begun researoh and develo 
ment work on aetal pro duo t ion under the OSfiC, was intended to be used 
as a sjaall-seale production and development plant. However, because 
the urgent need for lastal, the demonstrated ability of the Iowa State 
College plant to produce, and the fact that construction of the major 
plants was not yet oompleted, expanded large-scale production was 
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begun at Iowa ktata Collage la the Spring of 1942 m& continued 
until the ftai of 1044, 

lu addition to the production of virgin aetal, aom of the 
plants »iatein& netal were also ua©d. to recast eorap sietel returned from 
the various fabricators. Metal la the form of soeurately turned slugs 
is required for the X-10 project. A process for recasting the astaX 
turninge obtained frota those aaokittiag. operations «&a developed by 
torn State College in the Winter of 1944* recasting of current turnings 
continued at this installation until XJeeejaber 104S. Beoasting of solid 
sorisj) has bean, and is currently being, carried out at Metal Hydrides, 
Incorporated. 

Production and coot data for the metal plants ere shown in 

Appendix 00. 

10-2. l-lallinekrodt Hetai Plant * Saa %lliae]sredt aetal plant in 
St. £<ouie, Missouri* occupies the second floor of a building the first 
floor of which is occupied by the gr«en salt plant. The Gufuiur&cturiag 
process used in this plant is stellar to that employed at the du Pont, 
Sieetronet* end Iowa State College metal plants, aaaely, the reduction 
of green salt with stayiasium at ole?ated temperatures in a steel boiab 
(a Pp. 07) lined with lim or doloaite. The fused metal Ingot resulting 
from this reaction is o leaned and reaelted in an induoti on-heated 
mouum furnace and east in the fbra of billets in graphite aolds. She 
ilallinokrodt mtal plant "was constructed along with their green salt 
plant und*r Contract *#f»740S eng-13. (App. 

Operations have 'bean earried out 'under Contract $-7496 eng~2& 
on a unit price basis. Iletal operations under tids contract were begun 
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in July 1943 and 1,364 tons of metal had been produced, to 1 January 
1947, at a coat of $2,773,750, and an average processing price of 11.02 
per pound for the metal step. The unit price as of 1 January 1947 was 
$0.71 per pound (App. 13.2). The unit price agreed on at the time the 
original contract was signed was $4.17 per pound for the first 90 tons 
of aetal. Improvements in the process made by Iowa State College and 
Elect roast during the period the plant was under construction, and 
improved operating efficiencies obtained by Mallinckrodt during the 
production of the first 90 tons, resulted in production of thie aaount 
at a lower cost than that originally calculated. Accordingly, 
Mallinckrodt made a voluntary refund to the Government of $2.20 per 
pound, resulting in a net cost to the Government of $1.97 per pound 
for the first 90 tons of aetal processed in this step. 

10-3. Hectro Metallurgical Company Metal Plan t* - The metal plant 
of the Electro Metallurgical Coaapny is located at Siagara Falls, Sew Tork, 
on their plant property. The manufacturing process was similar to that 
previously described for Mallinckrodt. The plant was constructed and 
operated under cost-plus-fixed-fee Contract 1-7405 eng-14 (App. 148) « 
The construction cost was approximately $234,300 and the 
operating cost to 9 August 1946, the date when production operations 
were terminated approximately $2,167,000, inclusive of research. Sines 
August 1946 the plant waa placed in stand-by condition at a cost of 
approximately $6,500 and is being maintained in stand-by at a coat of 
approximately $4,640 per month. During the period of plant seals 
operations from April 1943 to July 1946, 1,53S tons of virgin metal 
were produced at an average processing cost in this step of $0.67 per 
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oouncL Operations at the Electro-Metallurgical metal plant were very- 
satisfactory and the quality of the metal produced in this plant waa 
equal to or better than that produced by any other processor. (App, EL2») 
Production operations were terminated at KLectromet even though their 
bid for operation on a unit cost basis was 10.70 per pound as compared 
with Mallinckrodt Chemical ^forks' bid of 10.71 per pound. This decision 
was reached based on the following facts t 

a. Mectromet had insufficient capacity to produce the 
total metal requirements, this would hare necessitated keeping the 
Mallinckrodt Chemical Works metal plant in operation and splitting the 
required production between the two plants. tJnder optimum distribution 
of production the overall metal costs would have been more than operating 
Mallinckrodt Chemical Works alone at their slightly higher unit cost, 

b. the Mallinckrodt Chemical Works green salt plant was the 
only source of green salt (the Linde and du Pont plants were in stand-by 
for reasons stated previously) and the overall cost of producing green 
salt and metal was area more favorable for keeping only the Mallinckrodt 
Chemical Works plant in operation since under the existing setup the 
administration and technical sap ervisi on of the Mallinckrodt Chemical 
Works green wait and metal plants are the same, as the plants are 
located in the same building. Consequently, any decrease in the 
operating rate of the Mallinckrodt Chemical forks metal plant tended 

to increase the unit cost of the green salt. Consideration was given 
to taking either the Linde or the da Pont green salt operations out of 
stand-by for use with the Slectromet metal operation but the net result 
was even more unfavorable on the basis of cost comparison with the 
course of action taken. 
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10-4. da Pont Metal Plant . - The du Pont metal plant ±8 located 
at Eeepwater Point, Mew Jersey, on the property of the Chambers Works 
plant and is housed in the so-called "Blue Products Area*, in a building 
which also houses the brown oxide and green salt plants. Construction 
and operation of all three of these plants were carried out under cost- 
plus-fixed-fee Contract 11-7412 eng-3. The total cost of construction 
was $1,050,000 (App. F8). Some difficulty was encountered in the 
operation of the du Pont natal slant i the Yields obtained were never 
so high as those of Mallinckrodt, Klectroaet or Iowa State College 
and the average cost per pound of aetal produced was also higher than ' c 

illsem DX k 'lfielA iLA sj&lefe Q&fclsmP pyQ<itlfieM*A wltft till All ^flA j*ftfflo*s T%f*ftJ* itJta 

Thus, when operating efficiencies and improved yields over those 
originally contemplated made it apparent that some of the metal produc- 
tion facilities could be shut down, it was decided in the auasner of 
1944 to suspend operations la the du Pont metal plant, which was dose 
in August 1944 (App. 549). Curing the period of operations, 232 tons 

^2s^ -ett^e^fc^ei^ai lef^W^ ^pfl?^^^m^e^s^^^m. sH w^ cms) aw^^^B^PB^j^^ J^JPfi^ ^e^4(e5 a9 ^5a^ eV^^ ^S^f ^^^L 0 ^2 J^'^BS^ 

pound for this step. 

10-5* low* State College Metal Plant . - The Iowa State Collage 
metal plant is located on the lows State College campus in Ames, Iowa, 
The plant Is housed in a frame building, which was available at the time 
work was begun and to which several additions have been made as opera- 
tions progressed and work increased. The installation was originally 
intended for use in research and development on the metal manufacturing 
step, and work of this type waa already in progress under OS ED when 
the Manhattan District took over operations under Contract W-7405 eng-7 
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(See App. Bine* *om State College Is a non-profit institution, 

tihi* contract coutai.us & clause providing; for an audit at the com- 
pletion of the contract and the refund of any profit to the Oovermaent. 
Iowa State College w&o at pioneer in the developiaenb of the metal proooss 
end they did the original /sork on the thermite process, using oaloiiaa 
as the reducing a&ent. Subsequent developments proved that Ejagnesium, 
srhich was wmh less expensive then oaloiua, could be satis factor ily 
used and this proem & was adopted for use in all of the »«tal making 
plants* *.5©eauae of the desands for metal prior to the completion of 
the set*! plants at '^allinckrodt, •hi Font* and ^leetrosjet, ope rati one 
at Iowa State College , which were started in the pilot plant in 'the 
^all of 1942* were expanded to a lar&e-saale production baaie in 
March 1943 and production ma continued at a rate sisdlar to that 
employed in the three other metal plants until liowwher 1844, after 
s»hlch e^ertawtal research and development operation* on the green 
salt reduction process were continued until 1 April 1044 (App. E©). 
During the period of operations at this plant, 665 tons of raetal were 
produced at an average processing oost of approximately §1.§& per 
pound for this step, inclusive of the oost of research and developraent 
carried on prior to and simultaneously with production. 

In ^epte»ber 1943, Iowa State College was requested to 
develop a process for easting aetal turnings. ?he suta of thirty-five 
thousand dollars was allooated in the fnX 1 of 1943 for the design and 
construction of a building and the necessary equipment for this opera- 
tion. The process ifhloh was developed included the decreasing and 
cleaning of the turnings, separation of fine particles of oxide end 




iaatai, drying, prwssiug into briquote and aaltiag tuui oaati&g la en 
Indu e tl on-iioa-ted, mcu* furnace to forra billeta (App, Sol-iS&a) . 
Casting of fcuroin&e w&a be&un early in 1M4 on a pilot plant scale 
and on 26 April 1844 tho prooesa wag put Into full-*soal« operation* 
and continued until 31 Jeoaiaber 1»46, at which, tiae tha eoutraot waa 
allowed to expire. % to 1 January 1846, 319 tons of finished aaetal 
had bean rooeat from turning, at a cost of approximately #0,80 par 
pound, including coat of reeearoh acid devaloptaaiit work. It will b« 
aoted from the graph (App. that the cost of reoaating Biota 1 turn- 
ings ineraased slightly in the early part of 1943* Thla is not an 
iaem«« la actual operating oosta but result* fro» the increased 
proportion of ororhead ooeta ©barged to thia operation after large- 
soalo virgin metal production was suspended. 

10-0. Uwtal %djrid»s MgfrfcX Plant - *ha 'total %dridee «««ai 
plant la located at Beverly, ^eaeohuaetta. Production of taatal was 
ba^un in 1841 under a oontraot with tha national bureau of standard* 
and an mm sub-contract with Coluabia tMreraity. Thia waa followed 
by enothor 03 KD oontraot (OBtt ar-333) for tha produotlon of mtuX on 
a coat-plus-fixed-fee basis, whioh waa supplanted by tha IJauh&ttan 
Dlatriet, coet~plue-flxed-fee Contract $MT40» en$-S in llovember 1942 
(App. F8). The proooaa uaad at iiotal Hydrldea Involved tha reduction 
of brown oxida with oalotuai hydride. Thia roaotion produced a natal 
powdar which waa subsequently raoaat in iaduotioa~h»eted vncutan 
furnaoaa to fora billeta. Ihe natal powdar waa found to have a strong 
tendency to ba apontanaoualy inflasaaeble and thia tandenoy oooatltutad 
a hazard to oporatioaa and resulted is the loss of oonaldsrable ia»tal 
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when. fires occurred. this process was saore expenai-we than the thermit* 
redact ion proowaa, using ao^aeeiuia, and tb*s quality of asetal produced 
wan also below the standard of that produced b# the themlte process* 
baoeusa of the difficulty of preparing caloiun hydride of th« requisite 
purity, Accordingly, after ajeteasiw roa«&roh was unable to mice this 
prooaso 6s prossiatng aa the thorsdte proofs, the oatai snaking, oi>e ra- 
tions were dlsaontiaued on 31 August 1843 (App- ES4, 26$) • During the 
course of vir&in saetal mkixi$ operations, at ;iotai Hydrides, 41 tons 
of eaetal were produced, at an enrage prooeaain^ cost for this operation 
of 38*20 per pound. 

In tho Htwantiae, a necessity had arisen for recasting scrap 
aaterlal derived froa the fabrication of the billots into final form 
for the process. Additional casting capacity eaa available at 
Metal Hydrides aud reoaatin& of this scrap, along with assail taetal 
ingots produoed at Meetinghouse, was started in the Spring of 1949 
Upp. £68, H@7)* asoesting of ifestln^house material was discontinued 
in the fall of 1943, after the vv©otinghoviB0 contract had been suspended. 
Recasting of scrap at Metal Hydrides was continued, and I» presently 
continuing, at a rate of 2d tone of dcrap consumed per zaonth. 1,000 
tons of finished aetel had been manufactured by recasting as of 
1 January 194?, at an average cost in this operation of approximately 
f0.3$ per pound* the current unit price for recasting at M»tal 

Hydrides is $0.29 to #0.47 per pound, depending upon the type of scrap 

S3 

(app. Djf). All Jiletal Hydrides operations for the llasobatten District 
have been carried out under Contract lf-7406 eng-8, which was changed 
frets the original oost-plus-fixod-fee basin to the unit price baa in for 
recasting of scrap. 
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10-7. ^agt in^ouBa j tota.1 ~ %hx) Seatinghouae m&t&l plant 

was located at Bloorafisld, Jfew Jersey. 2&rtal had produced at 

the ifsstlaglwuao plant ia ttxt>eriE&sntal quantities for a nwaber of 
years previously, and roeuarch in small**scal« operations was beiufc 
carried out under 08 SB contract {OEM sr-619) before the forraation of 
the Manhattan District. The OSHD contract was superseded by the 
Wsahattan District unit price Contract #-7407 ottgtft as of I August) 
1MB {See App, ?0), which called for m increase in production frasa 
138 pound* per day to 380 pounds per day by the end of W4.Z S§8, 
S§0}« '2h« Kestin^heuae process involved the solution of green salt 
(aad later m Mxtwre of green salt and brows. oxide) la melts** ealoltaa 
chloride, followed by electrolysis to. produce finely divided Ketal, 
which *s pressed into briquets and recast Into small Ingots in in- 
duetionHhseated vacuus furnaces* Beaplte iiaprawwnts mde in this 
process, the quality of prednotlea and yields were relatiwly poor, 
losses of material were high* and coats were higher than those of 
cosseting producers* Accordingly, the TJttstingheuse contract was 
terminated as of IS October IMS (n$»n« 130). Purine the period of 
operations, «i©etlngli©uae produced sppfoxitsately $9 tens of aetal, at 
a total processing cost of $l»S00 # JieO including the cost of research 
and develo|)aeut work, and additional pltiaat facilities. 

* 0 ""®* B rush i^ orat orles >%tal ^lant - Phils tshey were never a 
producing wait, the facilities of Brush Laboratories, Clewslend* Ohio, 
a subsidiary of Brush Beryllium Cosapsny, were used in research and 
deroiopBttnt of a process far the production of mt&\ fro* snolton green 
salt by reduction wdfch aaj.jnosixja under a blanket of inert $as at 
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atstoaphorio pressure Upp« §45-e&7)» Ihl» proo*«* w .tiiaallttr to 
tliat usvd by th« ;iruah beryllium Cowpoag,' in tu».ir taamuteeture of 
iiuryliiussu Ori^iaul work acui'toa uuder &a 0&u; vjootrttct in 
Au&uat £942* srhiah «t\8 oupuruocioii by tho WJtattun. i>l6 tr lot cost- 
pius-i'iiiod~raa 0-Jti%fmt tf-74QI» ans»<5 ia Qotoaer X$4£ Wipp» 
,*ork um s Sapg>«4 at uho taxpi ration dfct* standi ia contract, 
SI Juiy 1943» fiiaoe t&e ^utility of aeti&l produced atia not u&tie- 
f&o fe»ry «ts;<l the yivlus wore l«r« 2h» total cost of thie work u«ub 
appro jdatttto Xy *f>6,GtfO« 
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/SECTION 11 - TBORIUS 



11-1. Thoriua Procurement . - In order to provide quantities of 
thorium salts to the research project at Iowa State College, the Madison 
Square Area entered into Contract tto. 2-17-028 eng-33 on 21 January 1946 
with the Lindsay- Light and Chemical Company, West Chicago, Illinois, for 
the purchase of 9,120 pounds of thorium nitrate tetrahydrate (mantle grade) 
at a cost of #1.80 per pound. The Lindsay Light and Chemical Company 
was chosen for this work because of its long experience with thoriua and 
rare earth chemistry in the preparation of gas mantles and because it was 
the only source of thorium which was cleared by Army Security at the time. 
Deliveries were completed under this contract on 25 January 1946 and the 
contract was closed* 

On 2 July 1946, the Madison Square Area was requested by 
the Research Division at Oak Ridge to procure more thorium nitrate for 
the research at Iowa State College. Contract No. W-l 7-028 ehg-35 was 
drawn up with Lindsay Light and Chenrical Company for the supply of 3,610 
pounds of thorium nitrate tetrahydrate at $1.80 per pound, deliveries 
were completed under this basic contract by 15 August 1946. By the end 
of December 1946, five supplemental agreements had been added to the 
basic contract whereby Lindsay would provide additional quantities of 
thorium nitrate (mantle grade) at $1.80 per pound, small quantities of 
thorium nitrate (atomic weight grade) at $4.00 per pound, small quantities 
of thoriua carbonate at $7.00 per pound and small quantities of thorium 
oxide at $9.00 per pound. 

The function of the M.S. A. through all this period was merely 
that of a procurement office which had nothing to do with the research 
being done in thorium anywhere in the project. 
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PART A - urauium 



12-1. Operations . - At the time the foed materials program was 
initiated, it was recognized that the consideration of quality was 
squally as important as that of quantity in setting up a program* The 
goal toward which all efforts were directed was the production of the 
highest quality nstal attainable , i.e. , metal having what wae known as 
a 11 total danger suataation" of 0.1% or less. The "total danger summation" 
is a measurement of the weighted effeet of all impurities on the effi- 
ciency of utilization of uranium metal in the X-10 process. It was rec- 
ognized that to reach the established goal would require a much more 
comprehensive program of testing, both chemical and physical, than is 
ordinarily oarrled out in controlling the quality of material manufae- 
tured to the usual oemmeroiel standards* Accordingly, steps were taken 
to correlate the testing aetivtiee of the facilities taken over from 
OS 3D and 3tone k Webster and to expand those activities as demanded by 
the enlarged scope of the program* 

The extensive analytical program which was organised 
(App. e@1 ) provides fort routine process control testing in the labora- 
tories at each of the individual production facilities! a system of 
central oontrol laboratories for the analysis of oompoelte samples of 
produet from eaoh producer and for research on methods of analysis) and 
an over-all physical test on brown oxide and a final physical teat on 
finished metal for the X-10 process* to be conducted at the University 
of Chicago* 

The magnitude of the analytical program, involving the 
determination of some 60 elements to a lower limit of detection of a 



few parts or fraction* of a part par million was such as to preclude the 

tests 

possibility of carrying jfti out A at each of the producers' laboratories. 
Therefore, it was decided to limit testing at the producer's laboratories 
to routine control analyses and to have more comprehensive analyses carried 
on at four central control laboratories located as follows* the chemical 
section of the Metallurgical Laboratory, University of Chicago; Princeton 
University, Princeton, S.J.j Massachusetts Institute of Technology, 
Cambridge, Mass, j and the National Bureau of Standards, Washington, D.C. 

The functions of this central control laboratory group may be 
summarized as follows* (a) to carry out analyses as indicated in the 
Madison Square Area quality control program* (b) to improve existing 
methods and develop new methods of analysis} (e) to act as a "fire 
brigade", that is, to supply the speelal services needed in times of 
emergency i supplying, if need be, manpower and facilities to supplement 
the manufacturers' personnel and facilities j (d) to analyze speeial mater- 
ials not covered in the quality control program} (e) to give advice and 
guidance on the analytical program in general (App* E82, 305). 

Expenditures under the quality control program have totaled 
about 1826,930 to 1 January 1947* 

12-2. University of Chicago. - There was no direct contract between 
the Madison Square Area office and the University of Chicago group for 
administrative reasons, and, oa 1 June 1943 the latter asked to be re* 
lleved from routine duties in connection with the program because of the 
pressure of other work (App. E66). The group agreed, however, to continue 
to perform the routine physioal testing* Arrangements were made for the 
group to oease routine chemical analyses as soon as the laboratory at 
Iowa State College was in a position to take care of their routine control 
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testing. This was accomplished about the miftdle of July 1943, and, sub- 
sequent to this date, the activities of the Chicago group in the quality 
control program were limited to the physical testing mentioned above. 

The physical test on brown oxide was transferred to the 
Mational Bureau of Standards on 9 October 1946 leaving the physical 
test on metal the only activity of the Chicago group in this program at 
this time ( 1 102) . 

12-3. Princeton University , - Analytical work on uranium and its 
compounds had been carried out by Princeton University under an OSRD 
contract as early as 1 February 1942. On 13 April 1943, the serrieee of 
this small group were acquired by the Manhattan District under a lump 
sum Contract W-7405 eng-81 (See App. F8). Steps were immediately taken 
to expand facilities and personnel to cope with the demands which con- 
tinued to be made on this group. In addition to carrying a heavy load 
of routine analysis on weekly composite samples, this group has carried 
out fundamental research both on analytical methods and on the physical 
chemistry of uranium and its compounds. Of particular interest are the 
development of an electrolytic-polarographic method of analysis and the 
preparation of a series of papers on, the separation of uranium from im- 
purities by ether extraction. Contract W-7405 eng-dl was completed on 
15 April 1946 (B 103). The official ore assay at this time was taken 
over by the Lucius Pitkin Company under contract number W— 35-058 eng-9, 
and the National Bureau of Standards assumed the remainder of the 
analytical program duties. 

12-4. Massachusetts Institute of Technology . - In the fall of 1942, 
the group at H.I.T. was making spectrographs analyses under a sub- \ 
contract with Ketal Hydrides. The group was organized as a central 
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laboratory operating under Contract W-7405 eng-40, dated 1 April 1943. 
The work of this group was largely a spectrographs nature, and the 
unusually complete spectrographs equipment at M.I.T. was put to exten- 
sive use, not only in the routine control analysis of weekly composite 
samples from the producers, but also in the development of new proced- 
ures. Contract W-7405 eng-40 was completed; on 30 April 1945, but M.I.T, 
continued with the spectrographs analysis of recast metal on a purchase 
order basis until 1 So "/ember 1946* This work was transferred to the 
Hanford Engineer Works on that date. 

12-5. national Bureau of Standards . - Since early 1942, both 
Princeton University and Hational Bureau of Standards had been engaged, 
through GSHD, on analytical problems concerning uranium. Many of the 
early methods of analysis, both chemical and spectrographs, had been 
Improved or developed S the Bureau's laboratory, and it was entirely 
fitting, therefore, that Rational Bureau of Standards should be included 
S the central control group. 

The work at the Mational Bureau of Standards has been of both 
a chemical and spectrographs nature, and, in addition to performing 
routine control analyses, the burden of which has been carried at thS 
locatSn, the Hational Bureau of Standards has been active in the prepara- 
tion of suitable primary standards for the use of the project as a whole. 
The Bureau has also been the principal U3O3 assay laboratory, and im- 
proved analytical methods for these determinations have been developed 
at the Bureau and are widely used throughout the project (App. £64, E65) . 
In addition to work of an analytical nature, including radium assays, 
this group has been active in research on methods of processing ores 
and concentrates, especially for the Colorado operations . 
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PABT II - THORIDM 

* 

12-6. National Bureau of Standards . - the only work done by 
Madison Square Area in regard to thorium quality control has been some 
development work on raw material assay by the National Bureau of 
Standards* They have also prepared a standard series of oonazite 
samples. 

12-7. Iowa State College . - The major portion of the analytical 
development work done up to 1 January 1947 has been done at Iowa State 
College in connection with their research program. 
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iECTIOS 13 - ACOttfitaBILXtY 

* 

^o&yaa. - The need for conscrving and accounting for the 
extremely lar&© tonna&e of uranium-bearing oateriala owned by the Gov- 
ernment was recognised early in the development of the feed wttteriala 
program, both for maintaining close control on operations and for pur- 
poses of security, the development of a sound accounting program was 
therefore tied in directly with the control of operations. 

The procedure used by the contractors in reporting to 08B2? 
on uranlua- bearing materials was s ireraeded in January 1043 by the 
"Weekly Production Report" (App. E72) submitted by eeoh wajor ooa- 
tractor who processed .materials, ihlm report contained detailed 
data as to inventories, receipts, consumption, production, and ship- 
ments of ran, iu-prooeas, finished, and by-product uranium- bearing 
materials and was used by Madison Square Area in planning, scheduling, 
and coordinating over-all operations at the contractors' plants. 

In order to supplement the Weekly Production Report, a 
"Monthly Material Balance"* instituted in JTr-y 1943, was submitted 
each month by all major contractors (App. 868 ^« The Monthly Mifcerlal 
Balance gave additional data required for accountability purposes, in- 
asmuch as it took into account, in addition to the net "as is" weights 
shown on the Weekly Production Reports, the uraniu* content of the 
materials and over-all operational data concerning ^ood material pro- 
duced, scrap produced, and process losses, which latter are inherent 
in the complex chemical processing work being undertaken. 

The contractors were advised, in July 1943, of standard pro- 
cedures for the handling of by-product materials which Would eventually 
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be consumed in recovery operations. Prior to that tirae, in Hov«saber 
ISK2, they hud been advised that no material of any kind was So b« 
discarded without the approval of iaadi son Square Ar^a (App. B67). 

Periodic inapootioaa of the contractors' plants vera aade 
by technical personnel to investigate source* of lose and* wherever 
possible, to fsake reco»H»n dati cms for thair r ©duo t ion or elimination, 
standard procedures vera also set up to eata fellah policies for accurate 
weighing «at hod a (to eliminate variations in reported weights of 
material shipped by ona oontraotor and received by another), methods 
of assaying uranium content, and oheoking of oontraotor a* assay a at 
the a antral ooatrol laboratories* In addition* contractors were re- 
quested to take alaborata precautions in handling, processing, and 
protecting uranium-bearing rsaterials in all forms* and they have 
been lapressed oontinually with tha naad for maintaining aoourata re- 
cord* to aooount for material a In thair possession. 

In September 1945, a standard shipping memorandum prooadura 
was inatitutad (APP* ET1)' which providad for tha forwarding to Madisoa 
Square Are* of ooplaa of »th shipping and receiving memoranda on all 
transfers of government-owned uraniui»»boar ing materials into and out of 
plants under tha Jurisdiction of Madia on Square Area and its sub-areas • 
Tha oontraotor** material balanoes have bean carefully oross-oheokad 
against tha shipping memoranda to sea that all tha materials ahipped by 
each consignor have been received by the various consignees* and, in 
Hov caber 1944, detailed audits were undertaken at the contractors' 
plants, to scrutinise carefully procedures and acouracy of records, and 
to sake a complete audit of their uranium-bearing material transactions « 
Thus, by means of the procedures and educational programs outlined 

13.2 



above. It ms possible to maintain a eatisfaatary control over the 
movements of > i r ani um- bea r ing .materials. 

In February 1946, program of ao 'ount ability *as established 
for thorium and thorium-ooritaiiiing material a in 'iatiisou Square Area. 
?hi« progress ma analogous to that raalfttalned" for uranium* but wan 
augmented to include voluntary aubmiaaioxt of material balaaoee by 
the prime supplier of thorium chfaaioala, la anticipation of ultimate 
lia«naias under the Atoaio f'ner^ Aot of 1946. 
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Billets 
Carnotite 

C. Ia F. 

F. A. 3* 
Green Salt 
Green Sludge 

Metal 

Radium-neutron 
Red Cake 

Rode 

Sands 

Tallow Sludge 



Oranium metal east Into cylinders 4*25 
Inehes In diameter and 13 to 21 inches long, 

A vanadium-uranium mineral of canary yellow 
color occurring in the Colorado region. 

Cost, Insurance and Freight. 

Free alongside ship. 

Green uranium tetraf luoride, BF ^. 

A concentrate, obtained from camotlte ores, 
containing 5-10% black oxide, and 10-20% 
vanadium pentoxide* 

Uraniua metal. 

A mixture of radium and beryllium to produce 
a neutron source* 

Vanadium precipitate, recovered from ore 

refining operations, which is converted to 

a salable form of fused vanadium pentoxide V2O5, 

Uranium rods, obtained by extrusion or rolling 
of billets, 1.5 inehes in diameter and 8 to 13 
feet in length. 

Tailings containing relatively low percentages 
of uranium oxide, IhOg, obtained as by-products 
from vanadium refining operations. 

A concentrate obtained from carnotite ores 
containing 10-1 5Jf black oxide and 2Jf vanadium 
pentoxide. 
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Mo , Description 

1 Materials section organisation, 1 January 1943 

2 Madison Square Area organisation, 1 January 1944 

3 Madison Square Area organization, 1 January 1945 

4 Relationship between key contractors and Madison 
Square Area, 1 January 1945 * 

5 Madison Square Area organisation, 1 January 1946 

6 Madison Square Area organisation, 12 January 1947 

7 Relationship between key contractors and Madison 
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RELATIONSHIP BETWEEN KEY CONTRACTORS AND 
MADISON SQUARE AREA, SUB-AREAS, AND SUB-OFFICES 
AS OF JANUARY 1, 1947 
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Description 

Uranium production (l January 1945) 
Uranium production (1 January 1947) 
Black oxide operation 
Brown oxide operation 
Recovery operation 
Green salt operation 
Hexafluoride operation 
Metal operation 
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TO CONDENSER 




FROM DISTILLER 



' STORAGE 
CYLINDER 



UjU- 




C0HDEN3ER AND DISTILLER 
(COLD WATER FOR CONDENSER) 
(HOT WATER FOR DISTILLING) 



PRODUCT 
HEXAFLUORIDE 
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^ MAGNESIUM 
AND 
• GREEN SALT 
■ MIXTURE 



REACTION 
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ELECTRIC 
POWER 




BISC 
CRUC 

- ... 







JIT * 




:ble 










MANHOLE 



MAMA.TTAM DISTRICT HISTORY 
BOOK 711 - FEED MATERIALS 
APPEHDIX "D" 
GRAPHS 



Ip. Dssoriptlon 

1 TjFraniua produotion 

2 Cranium produotion versus requirements 
S Reoeipt of UjjOg in or* oonoentrates 

4 Ore concentration operations - produotion and ooat data 

5 Recovery operation • produotion and oost data 

"> Brown Oxide operations - produotion and eoet data 
ft Linde 

7 Halllnokrodt and du Pont 

8 Hallinokrodt Refinery 

Green Salt operations - produotion and oost data 
0 du Pont and Linda 

10 Sfellinokrodt and Harahaw 

11 Rexafluoride operation - produotion and oost data 

12 Metal operations - produotion and oost data 

13 Reoast natal operations • produotion and oost data 
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u 3 o 8 
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2000 
Cum. 



U 3°5 
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^ Scum. 
/ Prod. • 






Unit 
Costa 









1943 1944 1945 

USEO URAVAV 



$5.00 
Unit 
Co at a 
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U 3 °8 
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Unit" 
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Prod. 



1943 
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Unit 
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l.OU 
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Prod. 
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Prod. 



1943 



$5.00 

Unit 

Costa 

par 

lb. 

U 5 0 8 



2.00 

1.00 
0 
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USV URAVAI 
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1944 
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1944 



1945 
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MANHATTAN DISTRICT HISTORY 
BOOK VII - FEED MATERIALS 

APPENDIX »E« 

REFERENCES 

(All documents are located in the MSA files of the Atomic Energy 
Commission, Office of New York Directed Operations.) 

No . Description 

1 Memorandum to the Files by Capt. P. L. Merritt , dated 
21 December 1942, Subject: Present and Prospective 
Supplies of Uranium-bearing Material, 

2 Memorandum to Brigadier General L. R. Groves by Lt. Col. 
J. K. Runoff , dated 23 November 1943, Subject* Position 
of Belgian Congo with regards to Uranium and other Metal 
Production. 

3 Letter from Mr. Julian Leroy, African Metals Corporation, 
to Lt. Col. J. R. Ruhoff , dated 27 October 1943, stating 
that the Shinkolobwe Mine could not be re-opened. 

4 Memorandum, dated 17 September 1942, concerning a meeting 
in New Tork between Capt. J. R. Ruhoff, Dr. R. L. Geddes 
of Stone it Webster, Mr. E. Sengier of African Metals and 

Mr. Prjel of Canadian Radium and Uranium Corporation. 

5 Memorandum to Major General L. R. Groves by Col. E. D. 
Nichols, dated 18 April 1944, Subject! Ore Prices* 

6 Memorandum to Brigadier General L. R. Groves by Lt. Col. 
J. R. Ruhoff, dated 15 February 1944, Subject: Summary 
of Ore Contracts. 

7 Memorandum to Col. E. D. Nichols by Lt. Col. J. R. Ruhoff, 
dated 26 November 1943,' Subject: Plans for the handling 
of African Ore. 

8 _ Letter from Mr. Carl French, Eldorado, to Major P. L« 

Merritt, dated 11 October 1944, enclosing the Order of 
the Governor General in Council of Canada which appropri- 
ated all the issued capital stock of Eldorado Mining and 
Refining Limited. 
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Letter from Mr» Lesslie R. Thomson, Special Liaison 
Officer, to Col. K. D* ITiohols, dated 16 April 1945, 
enclosing a Memorandum showing the oost of produo- 
ing black oxide at Eldorado, 

Memorandum to the Files by Capt. P. L. Merritt, dated 
29 January 1943, Subject! Conferences He gar ding the 
Recovery of UjOg Frou Car not it e Tailings. 

Memorandum to the Tiles by Capt* P. L. Merritt, dated 
18 January 1943, Subject i Treatment of Gamotite 
Tailings from Vanadium Plants in Colorado and Utah* 

Letter from lit* Col* J. R. Runoff to Mr. S* D. 
Brans ome, V.C.A., dated 20 January 1944, concerning 
the re -opening of the Metals Reserve Mont ice lie plant 
by 7. 0. A. 

Memorandum to the Files by Major J* R« Runoff , dated 
51 January 1943, Sub jeot t Oost of Vanadium Sands* 

Hxr Production Board Order M-2S5, dated 26 January 
1943. 

Amended Har Production Board Order M-285, dated 15 
August 1944* 

Letter from Lt* Col* J» R. Ruhoff to Mr* R* J* Lund, 
W*P*B*, dated 27 November 1943, concarning the pro- 
curement of available o.ommeroial uranium stocks by 
Vitro Manufacturing Company* 

Memorandum to the District Engineer by Lt* Col. 

J* R* Ruhoff, dated 4 Hovember 1943, Subject i Polonium* 

Memorandum by Or* J* H* Lum and Dr. If. 0. Fernelius , 
dated 23 December 1943, concerning a meeting at 
Eldorado to discuss lead residues and polonium recov- 
ery. 



APPBHDU "B" 
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Memorandum to Lt* Col* J. B* Buhoff by Brigadier 
General I* R. droves, dated 27 October 1943, 
Subjeott transmittal of Letters. 

Memorandum to the filet by Major P. L. Merritt, 
dated 6 Deo ember 1945, Subject* Purchase of 
Sailings* 

Ifenorandua to the Area Engineer, Madison Square 
Area, Attention t Sfa jor a. W* Eussell by Col* 
Kt S* Hiohols, dated 6 Ootober 1944, Subject t 
Authorisation for Purohaee of Uranium Compounds « 

Memorandum to the Pi lee by Oapt. J. A* Bergants, 
dated 27 January 1944, Subjeoti Operation of 
•&* 3* T, Uravan aoid leaoh plant* 

Letter from Mr. J* 8* Tan Fleet, U*8*V. to Col. 
K, 0* liohols. Dated 9 May 1944, regarding dis- 
continuing opera ti one at the y#S*Y* Uravan plant* 

Letter froa Mr* Blair Bureell, tJ.S.Y. , to It* 
Col* J. B* Buhoff, dated 1 May 1944, giring 
estimates of ooete of leaohing operation* at Uravan 
and refining operatione at Grand Junction* 

Memorandum to the Piles by Major J* £• lenee, dated 
IS April 1944, Subject t Estimated Cost of Operation 
of the C*B»Y* Uravan Mill for Amy Aooount. 

Letter from Mr* Blair Bumell, U.S.Y*, to Lt. Col* 
J* B* Buhoff , dated 18 June 1944, discusses the 
oanoellati an of Contract W-7406 on g -201 and the 
resumption of aoid leaoh at our Bra-van Plant by 
the Army Contract Aooount* 

Memorandum to the Piles by Major J* S* Yanoe, dated 
27 June 1944, Subject « Operation of the U. S. V, 
Uravan Plant under Supplemental Agreement Ho* 1 to 
Contract W*7406 eng-32* 



APPEHDJX. tt E w 
EEFEREBCES (Contd. ) 



Letter from Mr* J* A* Hollad&y, Union Carbide and 
Carbon Corporation, to Lt* Col* J* H* RuholT , 
dated 13 August 1943, giving an estimated regard* 
ing. tho average monthly output of Step I of the 
Linde Ceramics Plant* 

Matter from ?Sr« <J« A* Holladay, tfaioa Carbide and 
Carbon Corporation, to Lt* Col* T* T* Crenshaw, 
dated 5 June 1943, giving status of construction 
and/or operations of Stops lost* 1, 2, $ and 4 of 
the projact* 

Letter from S# W* Coloraan, mllinokrodt 
Chemical Works, to Major C» Vanden Bulok, dated 
13 November 1942, giving the cost of the aanu* 
faeture of Refined Tube Alloy Dioxide for 
100,000 lbs* at $1*56 per lb* 

Letter from Col* K* D* Hlchols to MT« Edward 
?.fellinokrodt, J5p» , l&llinokrodt Chenioal World, 
dated $ Sky 1344, acknowledging the voluntary and 
unaolloited return of the savings realised as a 
result of operating techniques* 

Letter to the Area Engineer, Tonamnda Area by 
2&;jor C» Hsdlook, dated 2 February 1944, Subjects 
Release of Linde Stop % Bquipnent for Other Work* 

Letter from Mr* Louie Spiegler, du Bant, to 
Lt* Col* J* a* ftuhoff , dated 16 iferoh 1944, re- 
garding ooonomio surrey on the nanufaoture of 
C-41S by varioua methods* 

Letter from .Major C« fcadlook to Mr* J* A* Holladay, 
Union Carbide & Electro Metallurgical Research 
Lab*, dated 26 July 1943, giving standard procedure 
for handling by-product mterials scheduled for 
processing in the du Pont slag recovery plant* 

Letter from Mr* A* C* Klein, Stone & Webster 
Engineering Corp*, to the Harshaw Charaioal Co*, 
dated 26 September '1942, regarding tetrafluoride 
production* 
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Summary of process entitled "Production of 
Tetrafluorldo" written by Mr. K. E. Long, of 
the Harshaw Cher.iical Co. t dated 3 April 1943. 

Letter from Mr. M* K. Ricliards, du Pont to 
Dr. H. W. Blley, Director Chemical Div., dated 
20 April 1943, recording requirements of 2000 
lbs/day of Produot C-616 for 0. 3. Engineers 
commencing 1 May 1944* 

Letter from Mr. K. E. Long, Sarshaw, to Lt. Col. 

J. B. Runoff, dated 34 August 1943* discusses 
the siethoda of preparation of product C-616. 

Letter from Mr. M. K* Biohards, du Pont, to 
Dr. H. W» Elley* dated 11 September 1945, re* 
yarding location and cylinder study cf Produot 
0-616. 

Letter from Mr. If* J. Barshaw, to Lt* Col. 
J. R. Ruhcf f » dated 5 November 1943, disousses 
erection of building for manufacture of Produot 
0-618* 

Letter from Mr* S. V. MoCune, du Pont to Lt* Col. 
J* R. Buhoff , dated 19 November 1943, regarding 
facilities for manufacture of 2,200 lbs/day of 
Produot C-616. 

Letter frost Mr* SU V* MoCune, du Pont, to Lt* Col. 
J. R* Ruhoff , dated 4 Deo ember 1943 regarding 
Manufacturing cost of Produot C-616. 

Letter from Mr* II. <J» Harahaw, Harshaw, to Lt.Col. 
J. R. Ruhoff, dated 23 December 1943, giving re- 
vised oost calculations covering the production of 
Produot C-616. 

Letter from Major B. A. Brintoaan to Mr. 0* 3. Parke, 
Sarahair* dated 22 August 1944, author! King con- 
struction of a plant for production of Product 
0-616, 
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Letter from Mr. R. L. Doan, Metallurgical Lab., 
to Dr. C. B. Sawyer, dated 15 September 1942, 
regarding the production of metal by the 
magnesium reduction process. 

Letter from Mr. R. L. Doan, Metallurgical Lab. to 
Dr. C. B. Sawyer, Brush Labs., dated 6 October 
1942, regarding the undertaking on a small 
scale of production of metal by the magnesium 
reduction process. 

Letter from Dr. 0. B. Sawyer, Brush Labs., to 
Major T. T. Crenshaw, dated 12 November 1942, 
confirming product ion of metal. 

Letter f ran Mr* J. A. Hoi la day. Union Carbide 
and Carbon Corporation, dated 17 September 1943 
to Lt. Col. J, g. Runoff, discussing capacity 
of plant to produce finished billets and eggs. 

Letter from Major W. L. Sapper to Mr. MoCuae, 
du Pont, dated 7 August 1944, authorising 
continuation for Product C-10S and discontinu- 
ing operation of plants for Products G-104 
and C-105. 

Letter from Major C. Hadlook to Dr. Frank H. 
Spedding, Iowa Stated College, dated 20 
September 1943, discusses the future status 
of supplies of Slo-Set. 

Memorandum to the Files by Capt. R. D. Morse, 
dated 1 February 1944, Subject t Ames Experi- 
mental Program for Turnings Recasting. 

Letter to the Area Engineer, Madison Square Area, 
Attention, Capt. R. D. Morse from Frank Huke, 
dated 31 May 1944, Subjects Report on Repeating 
of Turnings. 

Memorandum to the Files by E. E. Chipman, dated 
30 October 1944, Subject i Development Program 
at Iowa State College. 
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Letter from Lt. Diok Duff ey to Dr. P. P. Alexander, 
Metal Hydrides, dated 26 Juna 1943, authorising 
continuation of the production and reeasting of 
metal under Contract W-7406 eng*8 through 91 
August IMS* 

Letter to Lb. Col. J. H. Suhoff from Lt. Ihiffey, 
dated 29 July 1945, Subject i Cost of Cast Metal 
at Metal Hydrides, Ino. 

Letter from Lt. Col* T. T. Crenshaw to Sr. P. P. 
Alexander, Metal Hydrides, dated 6 Huron 1945, 
requesting the reeasting of 500-1000 lbs/day 
of trlalloy. 

Letter to the Area Sngineer, Beverly Area, from 
Lt. Ool. J. a. Suhoff, dated 21 April 1945, 
Subject » Recasting of "Heels* from Mr. F. A*Shion« 

Letter from A* 0. Klein, Stone A lobster Sngineer* 
ing Corporation, to Meetinghouse Bleotrio A Manu~ 
faoturing Co., dated 6 October 1942, regarding 
extension of facilities. 

Letter from Major t* t* Crenshaw to Mr. A* Prankel, 
Westinghouse, dated SO December 1942, eonfirmlng 
produotion of 900 lbs/seek of 1" oubes until 
20,000 lbs. hare been produced. 

Letter from Major 8. A. Brinkman to Mr. A. Frankel, 
ffestinghouse, dated 13 Horember 1943, cancelling 
contract Ho. W-7407 eng-2 as of IS October 1945. 

Memorandum from Major J* 8. Suhoff dated 18 
February 1943, Subject t Proposed Quality Control 
Program and Organisation of Central laboratories. 

Memorandum to the Materials File by Lt. D. 0. 
Sturges, dated 16 April 1943, Subject* Conference 
in Chicago on February 26, 1943, for Discussion of 
Central Control Croup. 
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63 Utter from Major C. Hadlock to Mr. H. McL. Sage, MIT, 
dated 18 March 1944, regarding sending two members of 
the MIT staff on "fire brigade" duty at the District 
Office, 

64 letter from Major J. R. Runoff to Dr. Clement J. Sodden, 
BBS, dated 11 March 1943* regarding samples being sent 
for analyses with a schedule attached. 

65 Memorandum to the Files by Lt. D. Q. Sturgee, dated 17 
November 1943* Subject: Ore Assay Schedule* 

66 Memorandum to the Files, by Lt. V. 0. Sturges, dated 

1 June 1943* Subject: Analytical Conference at Chicago 
on May 28, 1943. 

67 Letter from Major T. T. Crenshaw to Mr. A. Frank el, Westing- 
house, dated Id November 1942, requesting that wastage and 

by-products of certain tuballoy compounds not be thrown 
away* 

68 Letter from Major C. Hadlock to Mr. J. A. Holladay, OCC, 
dated 11 September 1943, regarding the accounting for, and 
safeguarding of, special metal or its compounds. 

69 Letter (and tabulation) from Capt. M. L. Becker, to District 
Engineer, Attention: Capt. B. 0. Seits, dated 27 March 1946, 

Subject: Quarterly Budget Review. 

70 Memorandum to Files by Capt. P. G. Sturges, dated 3 Hovember 
1944, Subject: Survey of future operations of Metal and 
Metal-intermediate plants (with attachments dated 1 June 
1944 and 26 September 1944). 

71 Letter from Major C. Hadlock to Ir. Speddlng, Iowa State 
College, dated 20 Sept. 1943* establishing a standard 
shipping memorandum procedure, 

72 Letter from Lt. Col. Crenshaw to Mr, K. E. Long, Harshaw 
Chemical Co., dated 15 January 1943, establishing "Weekly 
Production Report 1 ' procedure. 

73 Memorandum from Mr. W. E. Kelley, Manager Mew Tork Directed 
Operations, dated 22 October 1947* Subject: Manhattan District 
History, Book YII, Feed Materials and Special Procurement, 
with Exhibits Mos. 1, 2 and 3 attached. 



MAIH1TTAI DISTRICT HISTORT 
BOOK TCI - FEED XAT8KIAL8 
APPEHDIX «f* 
COKRAOf DATA 



Ho. Deaorlptlon 

1 Afrloan raar sat* rial procurement summary 

2 Canadian raw material procurement summary 

3 Dome at io raw material procurement a unwary 

4 Market procurement iummary 

5 Radioactive lead procurement aummary 

6 Radium and radium-neutron source procurement 

summary 

7 Refining of or* a and concentrates * Suaanary 

8 Refining and treatment oontraet data 

9 Miscellaneous oontraat data 
10 Thorium procurement aummary 



no. F-l 




AFRICA3 RAW HATgRtAL PROCuREHEHT SDMHABT 

Contraot Frio* 

Contraot or ton* of Or* jC UjOg Too* of % UjOg per pound of 

Purob*** Ord*r Date of Delivery Contracted in Or* UjOg la Content QjOg TOTAL 

tuibf Contraot Period For (Appro*. ) Or* P«ld for (Appro*.) COST 

Afrioui Metal* Corporation 



11-7405 *n£-i 


Ootober 19, 1S42 


October 1942 


100 


86 


78 


SO 


gl.oo 


| 118.200' 


a-7+06 


Ootober 16, 19*2 


Ootob*r 1942 - 


















Au^uat 1945 


2,060 


66 


1.33* 


85 


1.30 ) 




»-7408 eag-24 


Ootober IS, 19*2 


February - 










) 


5,106,000 




July 19*1 


1,000 


20 


169 


36 


1.30 ) 




1f-7*06 ros-SO 


lovenoer 19,1942 


Ham bar 1942 


250 


66 


167 


86 


1.08 


185,000a 


11-7*05 eng-94 


U&y 27, 194S 


Ootober 1945 - 














Junm 1944 


630 


SS 


332 


95 


1.26 ) 




11-7*05 eng-94 


Bay 27, 1945 


Au^-uet 1943 - 










' ) 


3,748,500 




June 1944 


1,076 


20-26 


199 


90 


1.26 ) 




*-7406 eag-94 


May 27, 1945 


Ootober 1943 - 










)) 




July 1944 


10,260 


10 


967 


90 


1.28 ) 




»-7*06 an S -9* 


(lay 27. 1945 


August - 










) 








Septmber 1944 


2,000 


8 


114 


90 


1.28 ) 




Vf-7406 en 4 -259 


Sotober 16, 1943 


October 1943 


20 


10 


2.3 


100 


1.13 


12,100- 


11-7*05 enj-279 


December 5, 1945 


ttaroh 1944 - 
















February 1946 


12.000 


5 


328 


100 


1.13 


1,518,000** 


5-7*06 en 6 -280 


December 5. 19*3 


September 1944 - 


















May 1948 


181 


50-60 


115 


100 


1.40 ) 




R-7405 en o -2a0 


Dtonixr 6, 19*5 


loTenber 1944 - 










) 


428,700 






June 1946 


278 


20 


BO 


100 


1.36 ) 




P.O. 371 


Sorenbar 2b. 13*2 


Korenber 1942 


1 


se 


0.4 


100 


1.13 


1,800*« 


P.O. 304* 


April 12. 1943 


February 19*3 


0.6 


20 


0.1 


100 


1.13 


600* 


P.O. 3215 


Ootober 12, 19*5 


Au.nat 1943 


0.5 


10 


0.03 


100 


1.15 


200" 


P.O. 28855 


Ueoombor *, 1945 


Deo amber 1945 


1 


85 


o.a 


100 


1.17 


4,500** 


P.O. 29707 


Deoeaber 1, 19** 


Deoembsr 1944 


0.6 


60 


0.3 


100 


1.17 


1,500a* 




TOTAL 




29,734 




3.359 




}1.12 


19,113,300 
















(AYeraj*) 




VFa flhla^toa Office Proouroment 
















IA3-1 








66 


l.ssa 




1.4S 


45,411.400 


TAS-2 








66 


1,278 




1.90 


4,3SS,*00 



T : 1 A L 3,14* 410,267.800 



• Coat of or* after oredita have naen deducted for the radium and other preoioua rsaidues returned to the oontraotor. 
• ♦ Inoludaa the ooat of radius contained in the ore and purchaaad by the Qoveroaent. 



jconcT 



«o. r s 



CAXA.DIAH RAW MATERIAL 



Contract Ja- 



nata of 

Contract 



Stona and Babotar 

P. O. 186 July 16, 1942 



Dalirory 
Period 



Aug-Doo. 1942 




490 



BUok°Oxl*a 
to ba Dallrarad 

t~ w — 



140 



Eitiaatad 
Coat of Ora 
Contracted For* 



# 420.600. 



HofcdX Cos^ of 
Blaok Oxida 
Contraetad Tor 



ft 668,200 



Boris Frogol 
W-T406 ang-146 



U-T406 aag-262 
W- 26 -021 oag-6 



Qilbart A. LaBlna. Aft. 



8apt. 11. 194S 
Poo. 1. 1944 



Juna 1942 to 
May 1948 to 

TOTAL 



1621 
UTO 

4149 



687 fh 
810 



114T* 



664.100** 



1.882.400 . 
2.T66.200 1 

#6,082.800 



t.l61.T«0 
8.826.400 



•Contraot oorts lnoludo tha aala and ra fining of ora to blaok oxida. 
Tha oeiti in thii 



•aThia eontraot waa taraiaatad aad tha raouiraaanta of blaok oxida waro 
tranaforrod to W-T406 oag-262. The oeat ahoan la for tha ora obtainod 
bafora tarainatloa of tbt 



4 




DOMESTIC RAW MATERIAL 



Contract or . Total Tom of 

Purchase Ordar Data of Sand* or Tailing* 



U. S. Vanadiun Corp. 



W-7405 ang-201 ' Juno 1, 1048 694 

W-7406 aag-260 July 10. 1943 £62,889 

W-26-021 ang-1 Oct. 1, 1944 26.629 

Yanadltaa Corp. of Aaarioa 

11-7406 mat-Its for. IS, 1942 T.l 

W-7405 onc-144/ July 29, 1949 229 

W-7406 ma&tM// Au*. 7, 1943 6.8 

W-7406 «a«-857 Oot. 6, 1949 2.9 

11-7406 ang-267 / Doo. 1, 1943 48,666 

W-26-021 ons-ia/ rob. 16, 1946 85 

Vitro Mamfaeturins Co. 

W-2S-021 onc-24 1948 — 

Metal Raaarva Corp. 



W-7406 •bc-280 July 29, 1949 46 

W-7406 oas-282 July 1* 1943 48,166 

W-7406 oac-28T rab. 4, 1944 8,862 

Klaoallanaoua Parohaaa Ordart 



TOTAL 879,671 



wKatlaata 

**Xnoludaa a total Mtlmted cost of #800,000. for tho vanadium 
oontant of tha aa&da and tallinga purobaxad by tha Oorarnwat, 



Ho. P 8 



J» ti*O a Tone of Contraet Coat 

Con tan t UjOg par Pound of TOTAL 

(ATaragQ Content RaooTorod COST 

12 88 #1.10 I 194,900 

0.8 768 0.90 698.600 

0.2 48 0.90 94,000 



99 2.7 0.76 6,000 

48 111 1.10 888,800 

48 2.8 1.10 8,400 

48 1.9 1.10 6,900 

0.14 68 0.28 197,900 

62 44 1.60 168,960 



26 1.60 71,680 



60 i 22 1.10 68,600 

0.2 103 0.90 148,600 ' 

0.8 10 0.20 8.900 

— 67 — 190,000* 



1.949 #2.072.990** 



MARKET 



Contract or 
Purchase Or dor 
Kuatbcr 

African Metals Corp. 

W-7406 «ng-ia 
R-7406 ang-47 
W-7405 eng-47 
H-7406 eng-47 

Vitro Manufacturing Co. 



Pat* of 
Contract 



Hot. 11. 1942 

liar. £9, 1945 

liar. 29, 1949 

Mar. £9, 1948 



Da livery 
Period 



Hot. 1942 
Juna 194S 
June 194S 
June 1942 



K-7405 eng-9 
H-7406 eri(i-9 
W-7406 eag-62 



Oot. 29, 1942 
Oct. 29, 1942 
Mar. 27, 1943 



Kov. 1942 
Sov. 1942 
May 1948 
to date 



P. 0. 2769 Apr. 8. 1948 Apr. 1948 

P. 0. 8548 June 22, 1948 June 1943 

P. 0. 48672 May 20, 1946 Uay 28, 1946 

Harshaw Cheaioal Co. 

W-7406 eng-46 Mar. 27, 1948 Mar oh 1948 

W-7406 eng-46 Mar. 27, 1948 June 1948 

P. 0. 3220 Mar. 26, 1948 April 1943 

Borla Pregel 

K-7405 eng-44 Mar. 27, 1948 May 1948 

M-7406 eng-44 Mar. 27, 1948 May 1948 

M-7406 eng-44 Mar. 27, 1948 May 1948 

Oeneral Cheaioal Co. 

P. 0. 4261S Sept. 7, 1948 Oot. 1946 

Lino* 

U-7401 eag-16 Oot. 17, 1942 Deo. 1942- 

July 1948 

■-17-028 eng-29 May 4, X94S Aug. 1946 



KA8HITOT0I OPPICt PBOCflKBMgffT - MXSOEUJUtEOOS 





Tons of 




Tona of 


Coat per 






Typo of 


Material 




U5O8 


pound of 


TOTAL 




Material 


Purchased 




Content 


OsOftContent 


COST 




Soda Salt 


106 


y , , 

'C , 
t 1 


86 


11.89 


1 826, 


000 


Orange Oxide 


44 


* ' V 


5E 


1.89 


128, 


600 


Black Oxide 


59 


9i 


88 


2.08 


1S9, 


700 


Oranyl oarbonate 11 


•ft I 


E 


1.60 


16. 


000 


Soda ealt 


14 


£ t 


12 


1.87 


4S, 


BOO 


Uranyl oarbonate 9 


!"'■> 


E 


1.47 


14. 


700 


Various refined 


64 


if 


55 


1.94 (average) 


128. 


600 



uranium aalta, e.g. 



blaok oxide, >oda 
salt, oarbonate, 
nitrate, a to. 



Various refined 


£ 




0.4 


1 en 

1.69 


1.400 


uraniua salt s 












Brown oxide 


0.04 


<'U 


0.04 


2.61 


200 


Soda salt 


0.03 


U c 


0.03 


2.00 


180 


Blaok oxide 


0.8 


tl 


0.7 


2.16 


3.100 


Soda salt 


4.8 




8.6 


1.90 


18,800 


Oranyl nitrate 


0.6 




0.8 


4.26 


2,700 


Blaek oxide 


2.9 


m 


2.8 


2.01 


11,200 


Soda salt 


S.S 




2.7 


1.69 


10,200 


Oranyl nitrate 


2.0 




1.1 


8.78 


6,200 


Uranyl nitrate 


0.2 


& 


0.1 


4.06 


900 


Blaok oxide 


48 


ft' 


41 


2.16 


176,400 


Ore QQBoentratea 


28 




8.8 


1.06 


8,600 


TOTAL 


189 




270 




11,066.180 



RADIOACTIVE LEAD PROCtffiHBifrT SUMMARY 



Cost per 

Oontraot Date of Ton* of «£ L»ad Pound of TOTAL 

Kuabr Contract Load Qxido Content Eleaontal L—.d COS? 

Sari* Prosel 

W-7406 •n 6 -51 Juno 1, 1948 8.6 80 fl.00 9 T.000, 

W-7406 «n£-£66* ltoy 10. 1944 6.6 67 1.00 19,000. 

Dept. of Munition! 
ud Supplioi 

W-44-168 one-1 Apr. 6, 194S 88 80 0.64 £8,100. 
Gilbert A. LaBlnc. Agt. 

K-26-021 ang-U Hay 1, 1946 89 82 0.84 S4.800* 

TOTAL 66 #88.400 



•Bow Included In African Metals Contract W-7406 cag-24 



RADIUM ASP HAD IUM-KBUTROM SOURCE PROC'JREMKHT SUMMARY 



GOHTRACI 
NUMBER 

Boris Pregel 

U-7406 cnt-SS 
K-7408 ang-297 
W-7406 eng-SlS 
W-7406 eng-SS 
iT-740S eng-91 
W-7408 aac-lM 
W-740S «n t -2ZS 
W-7408 «k-2U 
W-7406 eas-291 
P. 0. A-ZEOM 
P. 0. A-28228 
16 Xieoellaaeoua 



DATE OP 
COBTRACl 



28 Ju. 1948 
B Hay 1944 
1 Sept. 1944 
24 rob. 1942 
1 June 1942 
22 July 1948 
1 Ber. 1942 
14 ?eb. 1944 
20 iter. 1944 
6 Job. 1942 
80 'Mr. 1942 
Purohaae Ordera 1942- 



Eldorado Mining 4 Refining Co. 
W-26-021 ofW 29 May 1948 



Joaeph A. lolly. Agent 

W-7412 eng-158 
IT- 74 12 «ng-157 
B-7412 eng-169 
H-7412 eng-160 
V-38-094- ong-16 
W-38-094 eng-18 
W-38-094 ang-19 
W-38-094 eng-22 
W-38-094 eng-23 
W-38-094 eng-24 
P. 0. A-2S894 
P. 0. #-3313 
P. 0. 8814 
P. 0. 12829 
P. 0. 12490 
P. 0. 12782 
P. 0. 27228 
P. 0. 24441 
P, 0. 27898 
P. 0. 11807 
P. 0. 28422 
P. 0. 28421 
P. 0. 26420 
P. 0. 29099 
P. 0. 20628 



27 Hot. 1948 

28 Mar. 1944 
13 Apr. 1944 
10 Itejr 1944 
23 Oat. 1944 
20 Fob. 1948 
20 Hoy 

20 Juno 1948 

29 Juna 1945 

7 Aug. 1948 
12 rob. 1942 
15 Poo. 1948 

15 Deo. 1948 
10 May 1944 
1 Hoy 1944 

16 May 1944 

17 June 1944 
SO Juno 1944 
19 July 1944 
15 fob. 1944 

8 Sept. 1944 
8 Sept. 1944 
S Sept. 1944 
SO Oot. 1944 
SO Hot. 1944 



TYPE OF 
G0HTRAC7 



Rental 
Rental 
Rental 
Purohaee 
Purohaee 
Purohaae 
Purohaae 
Purabaae 
Purohaae 
Rental 
Rental 
1948-1944 



Rental 



Purohaee 

Pur aha •• 

Purohaae 

Purohaae 

Purohaae 

Purohaae 

Rental 

Rental 

Rental 

Rental 

Rental 

Purohaee 

Purohaae 

Purohaae 

Purohaae 

Purohaae 

Purohaae 

Purohaae 

Purohaae 

Rental 

Purohaae 

Purohaae 

Purohaae 

Rental) 

Rental) 



MILLIGRAMS 
OP RADIUM 



1,021 
1,000 
6.695 
4.941 
2.021 
1.001 
2.002 
2.688 
2.472 
1.000 
180 
721 



2,864 



2.002 
67 
1,004 
10,078 
1,128 
6,848 
8,000 
6.000 
6,000 
200 
202 
60 
10 
1 
SI 
4 
2 
S 
20 
100 
101 
8 
17 
260 



COST TO 
12/31/48 



26,838 
4,849 
51,718 
8*. 997 
34,867 
17.018 
24,088 
44.882 
42,018 
7.300 
100 
10.800 



2,077 



80,081 
1.498 
18.808 
132.949 
16.891 
87,720 
7,126 
6.780 
6,878 
2,400 
400 
1,289 
267 
28 
1.368 
174 
167 
120 
466 
100 
2.051 
196 
446 
SO 
SO 







DATE OP 


?yvn np 

I I in 


■t A, 1*LjX\J HsvH o 








COSTHAOt 




WT AAl/AUal 




JO*«pn A. KCllJTa 


Agent (oootinuad) 








P. 0. S9S86 




17 Soy. 1944 


Pur aha aa 






P. 0. 29100 




SO Oct. 1944 


Puroh»»» 




271 


P. 0. 28141 




21 Aug. 1944 


Rental 


- 


100 


P. 0* 50(179 




28 Jan. 1946 


Purchase 


12 


iU 


ts n 9Ml9a 

r. 0. ft In? To 




18 Jan. 1948 


Purohase 


1 1 


ft W 


o n inn 




5 May 19*8 


Purohado 


1 
1 


M 


P. 0* 86438 




1 June 1948 


Purchase 


Aft 




P. 0. 56787 




21 Mar. me 


Rental 




100 


P. 0. S38I0 




28 Jum 1948 


Purchase 


.00 


l.Wi 


P. 0. 42 838 




23 Au£. 1948 


Rental 




100 


Radium Chaaioal 


So. 










W-88-094 «n s -25 




29 Jan. 1948 


P«ntal 


200 


186 


IT-88-094 ane-Sa 




16 Aug. 1948 


Rantal 


1.000 


BOO 


B-88-094 ang-SO 




1 Oot. 1S48 


Rantal 


0,211 


1.090 


P. 0. 7888 




11 Aug. 1948 


Rental 


100 


100 



TOTAL REHTALB 86.818 9T.09S 

TOTAL POTCHA8S3 86.375 582,807 

ORAM) TOTAL 72.9M ♦879.399 




So. F 7 



Coatraot Huabor 

ELDORADO COUTRA.CTS I 
K-7405 eat-* 
H-7406 oas-17 
W-7406 oog-20 
H-7405 ang-264 
W-7406 «n£-281 
¥1-7406 •n £ -281 
K-740E «n£-S18 
B-7406 •a £ -318 
H-26-021 «n£-21 
15-26-021 an^-ZS 



Date of 

Contract 



10/21/42 
10/17/42 

10/25/45 

1A6/U 
9/1/44 
»/l/44 
7/%o/l6 



Afrloan Ora 

K-7405 *n s -146 6/ZZ/U, 

K-7405 eng-262 8/11/48 
W-26-021 «n<;-6« 
Stona A ffebgtor 

Purofcaaa Ordar US 7/16/42 

Canadian Or« 



ELDORADO TOTAL 



VITRO C0HTEACT3 « 
K-7405 aag-21 
W-7406 eng-281 
1-2b-021 an 6 -16 



12/24/48 
9/1/48 
6/15/48 



Afrloan Or* 



W-7405 *ng-54 
W-26-021 *ng-7 
W-26-021 aag-24 



W*at*rn 0r« 

TXTSO TOTAL 

0. 8. YABADIUM COSTRACTl 

W-7405 *a s -S2 l/Zl/tl 



REFIKI80 OF ORES ASP CQyCEBTRATF.3 
To 1 January 194$ 



(Appro*.) 



8 

26 
B2 
20 
20 
60 
20 
26 
20 
66 



80 
80 
80 

SO 



65 
66 
65 



88 
(0 



Total Toaa 
OjOg in Ore 
(Approx.) 



75 
1,261 
48 

168 
54 

111 
76 
74 
29 
76 



1.959 



222) 
552) 
544 



172 




66 
895 
164 

628 

I 

144 
26 

ITS 

796 

676 



Tons B_0 
Recovered 
To Date 



68 
1,164 
46 

160 
62 

105 
71 
68 
27 
70 



1,682 



687 
20 

140 



-862 

27m 



68 
87S 
166 

600 

5 

141 
| 24 

168 

768 

<»U) 



UjjQ. Refining 

Coat 

To Date 



| 68,900 
1,418,600 
87,500 
892.090 
127,450 
126,820 
116.210 
106,210 
44,820 
76,460 

12,628.560 



| 829,560 
40,000 

287,600 

11,106,960 

15,656,520 

t 85.500 
496.900 
199,600 

| 781,900 

4.600 
218*900 
198.150 

• 421.5*0 

♦1.205.480 

f4.871.140** 



Other 

Refining 

Costa 



251.170 

18.600 

54,220 
10,660 

ft 294,760 

I - 



TOTAL 



t 65,900 
1.416.600 
57. COO 
625,260 
127.460 
145.620 
116.210 
140.450 
54,880 
76.460 

12,825,810 



i 829,860 
40,000 

257.600 

Sl.106.960 

85,980.170 

t 85.600 
498.900 
199.600 

ft 781.900 

4.600 
218,900 
198.150 

• 421,680 

11,205,480 



1258. 590** I5.109.680** 



8294,760 
I ~ 

I - 



SOOIART 

KETPHTO Of ORES Um COBCKHTRATES 

7 

»Q 1 JMTOAHT XM4 
(Continue) 



UTOE COHTRACTt 
W-7401 on«-14 
African Or* 
Vootrnm 0r« 

islaj KaslduM 



Data of 
Contrast 



11/16/42 
ll/l6/42 



*"5°8 
ta Or* 

(Approx.) 



Total Tons 
UgOg in Or* 

( A PP rax »? 



1.455 



To Do** 



1.558 ) 
064 i 
126 ) 



Refining Other 
To Dot* Coot 



I5.074.2SO** 



» - 



TOTAL 



16.074.250** 



•DollTorloo of refined product not ooaplat* 
**Xnelutoa ooat of Oorernment-furniahed: eatex-lala 
(A)Wertern or* waa concentrated under thl« o on tract 



9g99t ' 4U.784.S60 



4655.140 116.517.490 



end d*llT*r*d to Linda for refining 



REPIKIHG AKD TREATMENT CQSTRACT DATA 



Contraot 

Badger, E.B. It Eoni 
1T-44-16S wrxz-t 

Brush Laboratories 
ff-7406 en 6 -8 



Operation 



TO JAKUARY 1, 1947 

Effective D*te 



Construction of 
JUllinokrodt Refinery 

Re search - Metal 



E.I. du Pont de Hemouri A Co. Brown Oxide 



W-7412 eng-8 



If- 7412 eng-6 
W-7412 an 6 -161 



ff-7412 eng-22 



Oreen Salt 
Metal 

Standby A Eqpt. storage 
Oreen Salt 

Hexafluorlde Researoh and 

Production** 
Researoh - C-106 series 
Researoh - Sorap Recovery 
Scrap Recovery 



Eldorado Mining A Refining Co. 
ff-7406 eng-6 Refining 
ff-7406 eng-17 Refining 
W-T406 eng-20 Refining 
K-26-021 eng-6 Refining 
ff-28-021 eng-26 Refining 



Electro Metallurgical Co. 
ff-7406 eng-14 



W-7406 eng-227 
ff-7406 eng-266 



Evans, Robley D 
ff-7409 en £ -20 
ff-22-076 eng-18 

General Chemioal Co. 
ff-7406 eng-816 



Metal 

Research and Dovelopaent 
Standby 

Plant extension 
Plant design and 
engineering installation 



Analytical services 
Ra assay 



Anhydrous hydrofluerla 
Acid 



Hay 28, 1946 



October 14. 1942 



lovember 20, 1942 ) 



) 



July 29, 1942 
September 6, 1944 



Deoeaber 30, 1942 



October 21,1942 
November 17, 1942 
Xovambor 24, 1942 
Deoenber 1, 1944 
January 16, 1948 



Kovenber 4, 1942 



March 1, 1946 
Maroh 1, 194S 



Deoeaber 27, 194S 
May 16, 1946 



Bepteaber 1, 1944 



Construction 
Cost 

16,698,660 



1,060,000 



20,160 



842,280 



264,800 



10,400 
2,600 



Operating 
Cost* 

I - 



86,000 



1,891,060 
869,170 
800,160 
19,660 
820,000 
88,760 

89.440 

189,410 
2,294.160 



86,900 
1,418,600 
87,600 
40,000 
76,480 



2, 182,900 
84,100 
26,260 



1,600 
480 



42,900 



•Includes Researoh and Developaent end Quality Control Costs 
••Xnoludes oosts Incurred under ff-7412 eng-10 and 0E MSr 409 which were incorporated Into ff-7412 eng-181 




RFFIKIKC AND TKSATMROT COHTEACT DATA 



Contract 

Grove, Shepherd, fills an & 
Kruge 

H-14-108 eng-17 

Harshaw Chamioal Co. 
W-7408 eng-2 

W-7406 eng-43 
W-7406 eng-S7 
W-7406 en£-276 

W-26-0E1 en£-4 

Hooker Eleotroehemieal Co. 
W-740S eng-28 

Iowa. 8tate College 
W-7406 ene-7 

Kinetic Chemicals 
W-7406 eng-27 

LaBlne, Q.A. Agent 
9-7406 eng-262 
K-7406 eng-264 
W-7405 enc-281 
W-7405 eng-318 
K- 2 6-021 eng-21 

Linde Air pro duo ta Co. 
W-7401 ene-14 



LeDoux and Company 
H-14-108 eng-18 

Kalllnokrodt Chemical norks 
W-7405 eng-13 
W-7408 eng-29 



Operation 

Chamioal Storage tank for 
Kalllnokrodt Refinery 



Green Salt 

Oxyfluoride 

Kexafluoride 

Tetrachloride 

Oreen Salt 

Hexa fluoride 

Tetrachloride 



W-7405 eng-1 
W-7405 «ng-6 



61ag Eeoovery 

Metal ) 
Reoaat Metal ) 



Hydrofluoric Acid 



He lining 
Refining 
Refining 
Re fining 
Refining 

Refining 
Brown Oxide 
Oreen 6alt 
Standby 



Sample sludge 



Plant for green and metal 

Green Salt 

Uetal 

Brow and orange oxide 
Brown and orange oxide 
Researoh 



Effective Date 



March 5, 1946 



September 1, 1942 

Kerch 18, 1943 
February 26, 1943 
January 6, 1944 

Ootober 16, 1944 



January 4, 1943 
Hovember 9, 1942 

November 16, 1943 



September 11, 1943 
Ootober 25, 1943 
January 15, 1944 
September 1, 1944 
July SO, 1946 

Hovember 16, 1942 



April 1, 1946 



November 23, 1S42 
November 23, 1942 

Kovenber 24, 1942 
Hay 12, 1946 



Construction 
Cost 

$ 46,000 



Operating 
Cost* 



802,000 

42,000 
36,000 



1,769,940 
762,160 
616,130 



632,400 



634,630 
2,270 
77,300 
27,800 
798,730 
2, 106,410 
68,800 



28,400 
2,624,240 

66,000 



829,360 
628,860 
273,070 
266,640 
64,880 

6,074,260 
466.470 

1,894,670 
868,110 



7,720 



2, 691,120 
2,778,760 
4,745,280 
686,260 
166,000 



•Inoludaa Research and Development and Quality Control Costs 



HBJE Gil" 

REFIBISO ASD CONTRACT TREA.TMKNT DATA 



Vo. F-8 



Contraot 

Massachusetts Imtituta 
of Technology 
R-7405 eng-40 
W-7408 eng-68 
H-740B ens-85 

Metal Hydrid«« 
W-7406 en g-8 



Operation 



Analytical ssrrice* 

Reaearoh 

Raaaaroh 



Metal 

Recast Uot&l 



EffectiTe Data 



April 1. IMS 
Horember 1, 1942 
August 12, 1944 



Hovembar 1, 1942 



Conatruotion 
Coat 



86,000 



Operating 
Cost* 



110.000 
40,900 
880.000 



670,800 
719,860 



law Kngland Lima Co. 
S-7416 ang-28 

Pitkin, Luolua 
W-7421 an£-16 
W-5 6-068 eng-9 
H-56-068 eng-10 

Progel, Boris 
W-7406 eng-31 

Princeton Unlrerslty 
W-7406 «ng-81 

Peon Salt Mfg. Co. 
W-7406 eng-60 

U.S.Venadius Corp. 
W-7406 eng-82 

Titro Manufacturing Co. 
W-7405 eng-21 
Jf-7406 eag-64 
W-7406 eng-261 
W-28-021 eng-7 
W-26-021 eng-16 
W-26-021 eng-24 

Westinghouse 

W-7407 eng-2 

W-7409 eng-81 

W-7407 eng-182 
Tale Unirarslty 

W-7416 *ng-£Z 



Ug. Stockpile 



Sample Ora 
Sample Ora 
Asaay Ora 

Prooass radiuat-baaring 
sludge 



Analytical Raaaaroh 



Bydrofluorio Acid 



Yellow Sludge 

V E 0 6 

Btandby 

Refining 
Raflning 
Refining 
Raflning 
Raflning 
Raflning 



Metal 

Thorium Metal 
Equipment 

Raaaaroh 



Da can bar 1, 1943 



May 11, 1944 
August 16, 1946 
February 1, 1946 



June 1, 1948 



April 16, 1948 



Mar oh £7, 1948 



January 26, 1948 



gorember 24, 1942 
April 20, 194S 
September 1. 1948 
January 1. 1946 
May IS, 1946 
February 1, 1946 



August 1, 1942 
August 7, 1944 
Deoenber 18. 1948 



1.691.680 



December 1, 
TOTAL 



1948 



TRANSFER OF COVER KM EgT FUHOS 
Rational Bureau of Standards Analytloal Services 
Rational Bureau of Standarda Raaaaroh 

TOTAL 
ORAKD TOTAL 

•Inoludes Raaaaroh and Development and Quality Control Costs 



tl2.682.24c- 



9,200 



7,900 
7,620 
1,980 



104.600 



201.000 



471,900 



4.871,140 
288,890 
191.260 

88,600 
4,600 
498.900 
218,900 
199.600 
198.180 



1.699,200 
16.000 
6.200 

68.490 
t48.644.l8d 

614,000 
286.000 
780.000 
148,628.180 



i 



Vo. P-9 



Servloea and Supplies Incidental to Refining and 



Contract 



Alvmrd, Henry V 



Operation 



faoilltias 



Agnus. Mayer S 
V-44-153 eng-8 



A Co* 
W-7401 en 6 -l 
■-7407 eng-4 

Dafeaaa Plant Corp. 
W-82-076 eng-7 

Dunellen Elcotrle Co. 
W-17-028 eng-81 

Irla City Iron Work* 
ff.7401 anc-176 



Protactinium 



Platinum-Lined 
Pletlnua-Llned pota 



Steel drums - Colorado 
Electrical Installation 

tal ^Q>X © ©03C 



Boilers for Colorado 
Sludge Plants 



General American transportation Co. 
W-7401 en s -89 Rental of tank oars 

W-7401 eng-84 Rental of tank oars 



Inland Steal Container Co. 

eng-64 Steel 



Meohanlos Overall Co. 
W*44 ■ 169 ong^d 



- Colorado 



Pan American Engineering Co. 
ff-£S-021 eog-18 Consultant 



Perry Werehouae 
W-7407 eng-l»S 
NMM eng-7 

Rhsem Manufacturing Co. 
W-7409 eng-86 

Roadway Express 
W-7412 eng-SO 



Warehouse ore 
tfarehouae ore 



Middlesex 
Middlesex 



Trucking serrloe 



Effective Date 



May 16. 1946 



June 6, 1946 



October 1, 1944 

July 1, 1946 
December 2. 194S 



January 3, 1944 
September 17. 1948 



January 12, 1944 
April 16, 1946 
June 1, 1946 



April 10, 1944 
July 1, 1946 



♦Ally 10* 



June 1. 1944 



Construction 
Coat 



« 116.600 



11.400 
10.200 



Operating 
Coat 



8.800 



7.000 
18.000 



12,800 



100 
1.600 



6,800 
2.040 
8,000 



116,400 
216.240 



62,800 
12,000 



I 
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Contract 

Stearns-Kogers 
S-7407 enc-62 
15-55-068 eng-C 



Operation 



MISCELLANEOUS COKTKACT DATA 



Effective Dote 



Boilers - Colorado 
Design and Engineering 
Services 



Southampton Hauling Co. 
H-E 8-094 eng-11 

Transportation Equlpsumt Co. 
»-7423 en^-20 

Treegoob - Federal Truak 
B-7425 *a£-21 

Union Bag Is Paper Co. 
W-742S eng-17 
*>7423 eng-28 

Vanadiua Corp. of Aaeriea 
H-7406 eng-268 
H-E6-021 en£-9 

Roods Veroantile, Hugh H 
ff-7425 eng-6 

Klsoellaneous iiervioe 
Contracts 

(Telephone, Oas, Kleotrlo, 
•to.) 



Hauling by-produots 



Trailers for hexafluoride 



Trailers for hexafluoride 



Supplies - Middlesex 
Supplies - Middlesex 



Haul tailings 
Truoking serrioes 

Asphalt folt-covered 
sheet iron 



January 27, 1944 
October 1, 1944 



April 27, 1946 
Way 16,1944 
June 1, 1944 



April 16, 1944 
June 26, 1944 



April 22. 1944 
January 2, 194 S 



8 or saber 1, 1943 



Construction 
Cost 



16,600 
18,200 



6,800 



Operating 
Cost 



IS, 100 
4,200 
11, TOO 



9,400 
15,600 



8,600 
40,700 



549,780 



TOTAL 



t 176,700 



I 893.040 
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THORItBl PHOCUSBfEHT « CONTRACT DATA 
A» of January I, 1947 



Contract 

Llndaay Light A Cheoicel Co. 
K-17-028 eng-SS 
1-17-028 on£-56 



Material 



Date of 

Contract 



Thorium Ultrate January £1, 1946 

Thorium nitrate* Mantle 

grade July 10, 1946 

Thorium Bitrate, 

oheaioally pare 



Lbe. Contraot Coat TOTAL 

Dellrered per lb. COST 



0,120 
£4,150 

100 



|1.80 
1.60 
4.00 



•16.4*0 
43.640 
T60 



TOTAL 



85,440 



160,620 



APPEHDU G 
SPECIAL CHBOCALS FOR K-25 
IHTBOD0CTIOH 

Considerable quantities of fluorinated chemicals were required 
for the operation of the R-25 plant. In the manufacture of these 
chemicals, HF and P2 had to be obtained in considerable quantities* 
In obtaining elementary fluorine in the amounts required, It was 
necessary to develop procedures for its generation. 

The process gas (C-616) is uranium hexafluoride which is, as the 
name implies, the working material used in the K-25 process. Since the 
Manhattan District became responsible for the project, no other material 
has shown such possibilities that it could be seriously considered as 
a substitute for C-616 in the process. (This process is covered in 
detail in Section 9 of this volume). 

Details and supplementary information relating to the development 
and procurement of special chemicals for 1-25 nay be found in the 
"Completion Report on the K-25 Gas Diffusion Plant", by the KeJlex Corpora- 
tion, 1 January 1946 (Reference: Book II, Volume 3), pages 843-869. 
That report covers most of the activities described in this Appendix, and, 
in Addition, explains more fully the complex reasons for the changes and 
revisions, mhjie^-^^ec^ed. them. As stated in the Kellex Report (on page 
844) j "Special chemicals requirements fluctuated with the evolution of . 
the design of the main cascade and of the process equipment. This com- 
plicated an already complex development problem. Fortunately, however, 

■* 4 ■ \ .• . ~ '-■ . 

the particular chemicals contemplated for one' use were frequently 

. V ■' 

suitable for a number of other services, and so, in general, changes were 



reflected in the quantities required, and occasionally in the specifics- 
tions. Thus the work which had gone into their development was not wasted." 

The f luorocarbons had to Include materials which would be suitable 
for a "sealant", a "dummy gas", a heat transfer medium or coolant, a lubri- 
cant or vacuum pump oil and a fluorine resistant grease. The most out- 
standing attribute that these compounds have to possess is inertness to at- 
tack by uranium hexafluoride and elementary fluorine gas. It was apparent 
that only completely fluorinated hydrocarbon derivatives would possess this 
inertness and such compounds were accordingly developed for the above uses. 
Two methods of attack were used; the fluorination of hydrocarbons with 
silver and cobalt fluorides both in the liquid and vapor phase, and the 
polymerization of fluorinated olefins. In the latter case, a final treat- 
ment with cobalt trifluoride was necessary to obtain a product of suf- 
ficient chemical inertness. 

■ ' ' ' i 

■ 

■ 




C-216 - Fluorine 

C-2144 - Fluorinated lube oil 

C-2144S - Chlorofluorolub© oil (from terphenyls) 

C-714 - Mixture of tetradeoaf luoromethyloyolohexane 

and tetradecafluoroethylcyelopentana 

C-715CL - Chloro-pentadeoaf luoro-haptane 

C-716 - n-perfluorohoptane 

C-816 - Perf luorodimethyloyolohexane 

C-816QL - Monoohloro-pentadeoa dime thy loyolohexane 

FL - Fluorolube 

FLS - Fluorinated lubricant solvent or flu or inated 

kerosene 

Freon 113 - Trichloro-trifluoro-e thane 

HP - Hydrofluoric aold < 

MFL - Polymeriiod and further fluorinated trifluoroohloro- 

ethylene (liquid) 

WI - Polymerized and further fluorinated trifluoroohloro- 

ethylene (grease) 

00 - Fluorine 

P-45 - Hexafluoroxylena 

P-45CL - Monoohlor P-45 

P-4SCL 2 - Diohlor P-4S 

P-539 - Trifluorochloroothylene 




n-pjoroheptane (C-716) 

C-716 was proposed for tpecific uses. The first was as a 
"sealant" in the diffusion pU This chemical was a liquid which 
was intended for use in packiiiands and similar parts under 



\ 



in order to exclude atmosphere which Bight otherwise 
leak into the evacuated « r , training process gas . This idea of 
using a fluorocarbon as a "se^t" was abandoned later in favor of 
nitrogen which was much cheap*nd had only the disadvantage of a 
lower nolecular weight. The t>nd use for C-716 was for a "(tummy gas" 
to fill unite which had been Mired and were to be placed again in 
production and for testing th/erf ornance of diffusion units. Further- 
«ore, since C-S16 production i not expected to be ready for use as a 
coolant on the test floor, sol coolant grade C-716 was mamfactured m 
for this requirement. ffeverUees, almost the entire program 
for the manufacture of C-716 s based on the premise that it would be 
ueed as a "sealant". 

The essential propertiefor sealant were the same as those given 
tor the coolant under the seaon devoted to C-816, except that the 
volatility of the material ha to be more carefully controlled in the 
case of the sealant. As a reilt of this carefully controlled vapor 
pressure specification no ordnie liquid but normal perfluoroheptane 
was seriously considered as bing capable of filling this sealant 
quireaent. The reason for tb) more stringent spmcification for the 
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sealant was that this grade material was expected to be bled slowly 
into the process gas stream through packing glands while the coolant 
material would not get into the process gas except through leakage. 
The manufacture of C-716 consisted of fluorination of normal heptane 
in a vapor phase by passing it over heated cobalt trifluoride. The 
process for the manufacture of this material had to be developed on 
the basis of research results at Johns Hopkins and du Pont and the 
material was manufactured in a plant especially constructed for this 
purpose. The OSRC had already developed a workable process for the 
production of C-716 at the time the Manhattan District took over this 
project, and an OSRD order for 20,000 pounds with the du Pont Company 
was taken over by the Manhattan District in November 1942 (fief. 1). The 
C-716 was procured from the du Pont Company in Wilmington, Delaware, 
under the cost-plus-fixed-fee contract Mo. W-7412 eng-2 which was effective 
on November 17, 1942 and covered construction and operation of a plant 
for manufacturing this material. This contract was awarded to the du 
Pont Company since they were at that time the only company in the country 
which had previous experience in the production of completely fluori- 
nated hydrocarbons of this sort and in addition they had done consider- 
able work on the initial development of this process. 

In December 1942, specifications were given to du Pont covering 
the stability of C-716 process gas (Ref . 2 and 3)* It was planned 
that 20,000 pounds of the material would be produced in two grades; 
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3,400 pounds of sealant grade and 16,600 pounds coolant gr^de for use 
in place of C-816 on the test floor. It should be noted that the term 
C-716-1 which appears frequently throughout correspondence and docu- 
ments refers to this initial order of 20,000 pounds. 

In early 1943, it was believed by those working on the program, 
that' the use of synthetic heptane was necessary to obtain a grade of 
C-716 suitable for use in the plant (Ref. 4), and further work along 
those lines bore out these opinions. The initial lots of C-716 were 
showing production costs in excess of $40 per pound and, as a result, 
it was necessary to increase the amount of money provided for the 
manufacture of this product. 

In June 1943, it had been definitely determined that the previous- 
ly considered C-816 was not satisfactory as a sealant material for the 
large plant and it was, therefore, necessary that the entire sealant 
requirements would have to be made of C-716. Supplements to the 
Contract Ho. W-7412 eng-2 were issued for additional amounts of the 
C-716 and at the same time additional specifications which were in- 
corporated in the contract were set on the material. Throughout the 
literature and the documents, this additional order is referred to 
as C-716-2 and the specifications as C-716-2 specifications. A new 
Stedman Column had to be installed in order to take care of the C-714 
(mixture of tetradeeafluoromethylcyclohexane and tetradecafluoroethyl- 
eyclopentane) specification limit in the C-716-2 and the cost of im- 
proving the process for this reason amounted to $58,000. 

Cost at the conclusion of the production of the initial 20,000 
pounds of C-716 was $700,000 exclusive of the fee. However, du Pont 
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emphasized the fact that the price reflected an enormous amount of 
further development work not only in the process itself but in the gen- 
eration and handling of fluorine, the preparation of the cobalt trifluoride 
catalyst and general fluorocarbon process development. Those latter 
costs mould normally have been covered under a research contract. In 
February 1944 information was received stating that enough C-816 would be 
available to permit its use as replacement for the C-716 as coolant for 
the test floor, this resulting in a saving of $250,000. At this time, 
it was decided to redistill the C-716-1 of coolant grade which was still 
held by the du Pont Company through the Stedman Column in order to pro- 
vide for the recovery of a considerable amount of C -71 6-2, the sealant 
grade specification material. This processing of the coolant grade 
C-716-1 to C-716-2 proceeded so satisfactorily that production of 716 
exceeded scheduled requirements and there was no further difficulty con- 
nected with the procurement of C-716. 

Because of the fluctuating requirements caused by changes in con- 
ditions, the production schedules of C-716 were changed at various time* 
throughout the contract. However, under the Contract 20,280 pounds of 
C-716-1 and 76,755 pounds of C-716-2 were produced. 9,936 pounds of the 
C-716-2 were produced from the coolant grade C-716-1 which became 
available when it was not needed for use on the test floor. Produc- 
tion of C-716 ceased on June 25, 1945* Cost of construction under 
W-7412 eng-2, which covered production of both C-716 and C-2144 (fluorolube) 
amounted to $737,290. Under this contract, 20,280 pounds of C-716-1 
were produced at a coat of $656,290. 76,752 pounds of C-716-2 were 
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produced, 66,816 pounds at a ooat of $1,492,680, and 9,936 pounds 
(from 0-716-1) at a cost of $7,800. 

It should be mentioned that the 715GL (chloro-pentadeeafluaro- 
heptane) process developed at Purdue under W-74QB eng-74 by Professor 
2. T. McBee could be operated to produce a sufficient amount of C-716 
of satisfactory quality to meet the sealant requirement as a by- 
product of the 715CL coolant. This was an attractive feature of the 
716CL process. Undoubtedly this process would have been used had it 
been possible to develop it in time since the cost of the material as 
a by-product would have been relatively lew in any case and the praQoa* 
was particularly attractive on account of Its very low requirements for 
elementary fluorine. 

Perf luorodime thyloyoloheaeane ^C-8 16 ) and Hexafluorosylone (P-4S) 
9-816 was developed for use as a coolant material in the diffusion 
plant. The physical properties and an inertness to process gas required 
for this coolant restricted the choice of practical compounds to fluo- 
rinated hydrocarbon derivative* having 7, 8 or 9 carbon atoms (Eef. 6). 
Of these 0-816 proved to be the most '-satisfactory and the least ex* 
pensive to manufacture. 

Mien the coolant requirements for the large plant were presented 
in December 1942 (Bef. 7), it was obvious that the greater proportion 
of the coolant for the large plant should be manufactured as a oheaper 
material with lower requirements for fluorine, since the cost of 
using C-716 (n-perfluoroheptane) would be almost prohibitive in the 
amounts that would be necessary. C-816 was ohosen since considerable 




work had been done on the manufacture of this material at Johns 
Hopkins and Purdue Universities and at the Hooker Electrochemical 
Company and the du Pont Company on a semi-plant scale. The process 
involved the treatment of P-45 ( hexafluoroxylene) with cobalt 
trifluoride in the vapor phase* C-816 had been the subject of a 
long report from the Kellogg Company stating that its properties 
made it satisfactory for use as coolant in the large plant. Accord- 
ingly, Contract Mo. W-7412 eng-6 effective as of December 31, 1942 
was executed with the du Pont Company for its manufacture, du Pont 
was the logical choice for this contract for several reasons. They 
had had more experience in the field of organic fluorine chemistry 
than any other company in the country. They were engaged in ex- 
clusive work on fluorination for the OS RE before the Manhattan District 
took over this work. They were engaged on the work for the manufac- 
ture of C-716, and in connection with C-716 they had developed con- 
siderable fluorine generating capacity and experience in fluorine 
manufacture. Furthermore, they had done much work orijthe C-316 process 
itself. Obviously, the choice of the du Pont Company for this manu- 
facturing program was indicated. The raw material hexafluoroxylene 
(P-45) was furnished by the Hooker Electrochemical Company under 
W-7405 eng-28. Since the du Pont plant would not start to produce 
until late 1943* there was still a requirement for coolant for the Kellex 
pilot plant which it was expected would be manufactured as C-761 
since the pilot plant was expected to start operating in the -Summer 
of 1943. 
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In February 1943, it was decided to use C-716 as a sealant in the 
large plant because the volatility of 0-816 was too low and, although 
it had been hoped that the cheaper 0-816 could be used, with this 
decision, no further consideration of 0-816 as a sealant Material was 
made (Hef. 8). Later in February 1944, it was found that 0-816 could 
be substituted for C~v'l6 as coolant for the test floor, and this re- 
sulted in savings of approximately $260,000 (Ref. 11). During 
practically all of the period of production of this material require- 
ments varied considerably, (Hef. 8, 9, 10 and 12). These variations 
in requirements were not conducive to smooth economical operations 
since it was necessary at times to shut down oertain portions of the 
plant and then start up these same portions again when it was under- 
stood that requirements would be increased again* 

Barly in June 1944, the question of the C-716 content of C-816 
was raised by the Kellax Corporation as it had been with the 0-716, 
and Kellex desired to know the cost of reducing -the C-714 content 
in the C-816 to "not store thanO. 5$. " du Pont supplied the information 
that the cost of producing 0-816 of such quality would increase the 
cost by $257,000 (Ref* 13). The Kellogg Company then formally re- 
quested this change In specification to be made and stated that 0-816 
of the old specification grade already made could be used (Ref* 14)* 
In July 1944, the new specification was issued and the du Pont Company 
was informed that the change should be made. 

In August 1944, the C-2144 (fluorolube) situation was so far 
behind schedule that two reactors were taken off the C-816 production 
and used for C-2144 production. Accordingly, the delivery schedules 




for G""3l6 were set back considerably. 4s stated previously, require- 
ment schedules v»ere changed almost daily and especially in the latter 
part of 1944 and early 1945 these changes varied as work proceeded 
with the construction of various plants which required this material. 
Early in March 1945, instructions were given for reducing the plant 
capacity of C-816 In which about 75*: of the facilities were to be shut 
down and placed in standby condition. Shortly afterwards, however, in 
the latter oart of the sane month, additional requirements were received 
and it was necessary to ask du Pont to increase production rates. In 
early April 1945, it was requested that C-816 be made at the rate 
of 150, 000 pounds per month and at the same time it was thought that 
additional C-2144 would be necessary. However, requirements changed 
so that the C-2144 process was shut down entirely a little more than 
a month later. In general, increased production of C-816 seemed to 
be necessary as the picture appeared in April. However, by the middle 
of the year production requirements were again lowered somewhat. 
In September, a letter of intent was sent to du Pont with the infor- 
mation that production of C-816 would be stopped as of the 2?th day 
of December 1945 and certain facilities would be placed in standby 
with the excess declared surplus. It was planned to place enough 
equipment in standby condition to produce 140,000 pounds per month 
of C-816 and 1,000 pounds per month of C-2144. 

Production was completed, as planned, on December 25, 1945. Cost 
of construction under W-7412 eng-6, which covered production of C-2144 
as well as C-816, amounted to 19,101,260. 3,888,219 pounds of C-816 
were produced under this contract; 371,290 pounds at an average cost 
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of #4.94 per pound, and the remainder of 3,516,929 pound* at $1.30 per 
pound. In addition there was also produced at an average price of $1.82 
per pound 286,461 pounds of C-816CL (monochloro-pentadeca 
dimethylcyclohexane) . Operating costs for the G-816 process totaled 
$8,673,830. At this time the portion of the facilities as stated above 
vers placed in standby and procedures were instituted to dispose of the 
excess and after 25 Barch 1946 disposal of the entire plant was begun. 

du Pont made an offer for the entire plant and this offer was 
ultimately rasied to $186,000 in early Bovember 1946. This offer took 
into account estimated dismantlement costs of $500,000 which du Pont 
would absorb if the offer were accepted. However, du Pont withdrew 
their offer entirely as of 31 December 1946 because of changing 
business and economic conditions and the plant is now being disposed 
of through normal channels. 

Hexaf luoroxyl ene (P-45), the raw material from which C-816 is 
made, was produced by the Booker Electrochemical Company under Contract 
lo. W-7405 eng-28 effective 4 January 1943* A plant was constructed 
for its manufacture which consisted of the chlorination of xylene to 
hexachloroxylene followed by the replacement of the chlorine by fluorine 
on treatment with hydrogen fluoride under pressure. The fact that the 
compound could be manufactured without the use of elementary fluorine 
was an important factor resulting in the selection of C-816 as a coolant. 
Considerable work had been done on P-45 at Hooker under 0SRD Contract 
Bo. GEEar-311 and this work was continued under the Manhattan 
District with Contract Bo. W-7405 eng-76, effective 1 April 1943, 
for research on fluorocarbons. 
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Tflhen the C-816 process was adopted for the coolant for the large 
plant in December 1942, it was agreed that the intermediate P-45 should 
be obtained from Hooker. This was logioal since all development work 
on this process had been done by Hooker and they had moreover a great 
deal of experience with the manufacture of this type of product, 
particularly the intermediate chloro compounds. Considerable work 
was done in the spring of 1943 in the development of the P-45 process 
and tentative specifications for the material were developed at a 
meeting at du Pont in March 1943 (Ref. 16). The delivery schedule 
increased very considerably during the early months, 400,000 pounds 
on the original order being later increased to 1,680,000 pounds to 
be delivered by Hovember 1944 (Hef. 16, 17, 18). 

In August 1943, du Pont changed the specifications for the P-46 
(Ref. 19). At this time, conferences were held in which the difficulty 
with the P-45 quality were discussed and the question was raised of 
the affect of the quality of the xylene raw material upon the dif- 
ficulties Hooker was having in meeting the P-46 specifications. As ft 
result of research it was decided to -try better xylene and a new grade 
was ordered from the Conner, Hanner Coke Company, who reported that 
this xylene could be furnished in the necessary quantity with appro- 
priate priorities assistance. At this time, the initial P-45 require- 
ments were set back from November to December 1943 (Hef. 20). Also 
the details of the xylene costs under the new specifications were 
submitted sinoe this new grade of xylene satisfactorily took care of 
the troubles with the P-46 specification (Ref. 21). 



In August 1944, Hooker was asked to re due a the rate of production 
of P-45 ( R ef . 22). This was done since the P-4S production program 
was far ahead of schedule and far ahead of the requirements of the 
du Pont Company. This action enabled the Hooker Company to devote 
their energies to the production of the experimental order of MFL. 
Curing the manufacturing process, there mere considerable amounts of 
residues which were set aside and stored. As tests indicated that 
some chlorine could be tolerated in the molecule, it was requested that 
Hooker recover P-460L (Monochlor P-48) and P-46CLg (Dichlor P-45) from 
these residues. P~450L was recovered from the residues from the P*4C 
production and shipped during the life of the contract* The residues 
from the P-45GL recovery were again stored. Regular production of P-46 
ended in October 1946 and at the end of this production all P-45CI. and 
P-45CL2 was recovered from the remaining residues and was shipped in 
November. The entire plant was then placed in standby for six months* 
Earlier, in March 1945, the plant had been placed in standby but less 
than a month later more production was found to be necessary and it was 
started up again in April, and product ion then continued until the 
final shutdown in Ootober 1945, as noted above. 

Cost of construction of the plant for the manufacture of P-4S 
under TJ-740S eng-29 amounted to $1,535,000. This plant was also used 
for the production of MFL and KFI and for the unrelated function of 
slag recovery from metal operations of the Madison Square Area (which 
necessitated an additional $42,000 of construction costs). During the 
life of this contract, 2,729,846 pounds of P-45 were produced at an 
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opiating coat of $3,324,860, or $1.22 paijpotmd. In addition, 168,350 
. pounds of P-45CL were processed at a coat of $30,490, or $0.18 par pound, 
and 69,790 pound* of P-45CL*2 at an operating cost of $9,480, or $0.14 
per pound. Total operating cost for tho P-45 procoss awmntsd to 
$3,364,830. 

A cartain aaount of th* aquipaent under Contract Bo. W-7405 eng-28 
had bson s«t aside for further MPL pro (taction and under a supplement to 
this contract, standby and furthor construction has boon arranged. Bow- 

remainder of the plant under this contract, and negotiations are now In 
process for the acceptance of Booker's bid for the plant. . 

Pauorolubo - C 7 2fr4A, 1^, fifl, aTfr, MM and; C-2M48 
• ■ A* ■gotianad nrmrloiutl'V'. a flnorlnatad lubricant had to b« dotraloDOd 
to neat the requirenenta for a lubricant with vapor pressure and Tieooeity 
characteristics such as to aake it satisfactory aa a vacuum puap oil. It "' 
was neceaaarr to have a Satiafeetorr atabilitv to upoeaaa eaa aa lndleat> 
ed by failure to f om a residue with thla aaterial, hor should this lubri- 
cant be too rapidly decomposed by fluorine In concentrations up to 20JC. 
Such properties as these are possessed only by fluorocarbons containing ,^ * 
about 20 carbon atone per molecule. The code name 1 C-2144 applied to 
the f luorolube was delved from the fact that it was assumed a satisfactory 

carbon atons and 44 fluorine atone. This material aa well aa other 
natarlala for this purpose wore frequently referred to aa "FL" for 
f luorolube. It was later found that a certain aaount of chlorine can 
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be tolerated in the molecule and that within certain limits such a 
chlorine content does not adversely affect the requirements for sta- 
bility towards process gas and fluorine. 

No fluorinated material with these characteristics had ever been 
prepared even in the laboratory when the Manhattan District started 
work on this problem. Research on the preparation of such a material 
had been carried out under OSRD contracts at Columbia and Johns Hopkins 
Universities and at the du Pont Company's Jackson Laboratory before 
the Manhattan District took over the work. However, hone of the 
processes investigated had really worked satisfactorily at that time. 
The requirements for fluorolube were slow in being worked out since 
.it was known from the research work that the material would be extremely 
hard to make and very expensive. Since requirements had to be kept 
at a minimum, the lellex Company did considerable work on obtaining 
pumps which would have a minimum requirement for the oil and they were 
attempting to design the plant in such a way as to use a minimum number 
of such pumps. For these reasons, the requirements listed up to Decem- 
ber 1942 gave no quantitative estimates, but stated only that there 
would be sueh requirements at a future date. 

On the basis of these statements, it was provided in Contract 
Ho. W-7412 eng-6, effective 31 December 1942, with the du Pont 
Company that they would build a plant using a process developed by 
them. This process involved the interaction of elementary fluorine 
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and lubricating oil in the vapor phase in the presence of a silver 
plated copper gauze catalyst, du Pont was chosen for this work since 
they had done all the basic research work on this process which was the 
most promising to date. Obviously, there could be no other choice for 
this contract. However, it may be stated here that this process was 
never satisfactorily worked out since explosions and burn outs in the 
plant were a cone tan t source of difficulty. 

The first requirements were received in June 1949 for the Kellex 
Test Floor and for the pump manufacturer* a testing program (Bef. 23). 
At the time these re qui resents were received the production of the 
lubricant on a large scale had net yet been worked out. In June 1945, 
a meeting was held at du Pont discussing the problems involved. The 
only operating units for Ft. preparation were these at the Jackson 
Laboratory using the vapor phase process. This snail plant had a 
capacity of 4.3 gallons per month of PL and 4*3 gallons per month of 
the so-called fluorlnated lubricant solvent (FUS), the FLS being a 
fluorinated hydrocarbon in the kerosene range necessary for dissolving 
PL in the aanufaoturing process* There was also a small pilot plant 
at Johns Hopkins which had been set up under Contract Ho* 9-7401 eng-43 
with a capacity of 3 gallons per month of ft, and 3 gallons per month of 
FLS. This plant was not in operation. To meet the Xellex requirements, 
it was decided at the meeting to do the following] (a) Discontinue 
the vapor phase process work under Contract So* W-7412 eng-6 and 
construe t instead a plant with a capacity of 170 pounds per day using 
a liquid phase process which had been developed at du Pont involving 



the reaction of the oil with silver difluoride in a stirred reactor, 
(b) double the capacity at Johae Hopkins University. Jhis material 
was to be sent to Jackson Laboratory in a crude state where it was to 
be fractionated under Contract If a. W-7412 eng-7 (later incorporated 
into W-7412 eng-151), (o) put in a process under Contract m. W-7412 
eng-2 at du Pont for the manufacture of 35 gallons per month Wh by a 
liquid phase process similar to the one manufactured above, the plant 
to be ready by October 1943* and (d) continue the Jackson Laboratory 
operations at the present capacity* 

du Font stated they felt that the arrangements above would enable 
them to meet requirements satisfactorily* Shortly after the middle 
of June, Kellex furnished the specifications which had been decided 
upon for the fluorin&ted lubricant (fief. 24) . 

Production of the H» failed to meet expectations. The liquid 
phase program gave a great deal of difficulty since the ft obtained 
by the process as it had been worked out at that tiraa did not meet 
the stability specifications. Also there was a great deal of un- 
expected trouble due to the fact that, numerous reactors used in the 
liquid phase process burned out in an unpredictable manner, thereby 
causing very great delays in production* Only the pilot plants at 
Johns Hopkins and the Jaokson Laboratory could be counted on for any 
production* In addition to this, in late September, new requirements 
were received from Kellex. They were 67 gallons (H2Q pounds) by 
February 1944 for the Test Floor and other test purposes and 640 
gallons (10,700 pounds) by February IS, 1945, for the large plant. 




a. 16 



Ajl compared to these requirements during the mouth of October* 36.2 
pounds of PL and 192.3 pounds of FLS were produced* making a total 
production up to November 1, 1943 of only 93.1 pounds of PL and 357.4 
pounds of FLS. It is obvious that at this date the situation with 
respect to fluorolube was nost critical since no large scale process 
had been put into operation which could be expected to handle the 640 
gallons requirement* However* research was continuing constantly on 
these processes in the hopes of developing satisfactory procedures and 
st this time, du Pont was doing considerable work on the use of a new 
raw arterial* polyohleroterphenyl * which was hoped would be a more 
satisfactory raw material than the hydrocarbon lubricant oil then in 
use. In late December 1943* Or. Boson stated that the test Floor 
requirements might be reduced slightly if absolutely necessary but 
that the requirements for the largo plant could not be reduced. After 
a series of meetings* new contractual eoraaitmente were made with da Pont 
to provide for (a) a plant with a capacity of 45 pounds per day using 
the vapor phase process, (b) a plant with 22 pounds per day capacity 
using a liquid phase process where the catalyst was regenerated in a 
separate vessel in the hopes that burn outs could be Minimised or 
eliminated* (o) a plant similar to (b) with a capacity of 44 pounds 
per day. 

She Johns Hopkins Laboratory program was to continue at its 
present rate and as of this date they had produced 280 pounds of 
fluorolube. Expenditures under Contract W-7405 ong-43 with Johns 
Hopkins University for this work end certain other studies in fluorine 
aggregated 1628,000. ^ ....... 



About the middle of January 1944* a revised requirement schedule 
was reoeived reducing the requirement somewhat, but it was agreed that 
even with these requirements it was still a matter of necessity to 
attempt to use the du Pont -vapor phase process again* Meetings were 
held almost constantly in attempting to lay down requirements and 
develop means of increasing production. In early February* FL require- 
ments for the large plant were increased (fief* 25). Accordingly, 
arrangements were made to use two of the c-816 vapor phase reactors 
units for the production of PL by the vapor phase process* She method 
used for this production was essentially that using cobalt trifluoride 
which had been satisfactorily used on the pilot plant scale at Johns 
Hopkins* 

In Maroh 1944, a first description of a new fluorolube process 
which had been developed by Dr* Miller of Columbia was made (Kef. 25)* 
It was this process and material which was ultimately used by the 

Booker Bleotroohemical Company sad is covered hereafter* 

IS 

On^Maroh X»y 1944, the du Pont vapor phase process under W-7412 
ong-6 was finally dropped an account of extreme operating difficulties. 
In early April, there was an ample supply of FLS on hand and Johns 
Hopkins was instructed to modify the pilot plant process to pro duos as 
much PL as possible which would then be distilled at the Jackson 
Laboratory (Sef. 2?)* Xa August 1944, (fief* 28 and 30), Or* Rosen 
stated that 0-21442 was satisfactory for use as a substitute for 
0-2144 but that it should not be mixed with 0-2144 to an extent of 
more than Z%. c-21445 was the material prepared from polyohloroterphenyl. 



Meanwhile work was proceeding satisfactorily oil the production 
of MFL at Hooker, and initial figures indicated MPL to be cheaper 
than, the other fluorolubea on the basis of Hooker estimates and 
du Pont production ea8ts(&cf. 29). By early October, Eookor had 
produced same 1500 pounds of MFL without undue difficulty. This 
raised the total FL production almost to requirements, this PL 
production being both 0-2144 and MFL combined figures. It was now 
possible to discontinue the uneoonomioai operations at Johns Hopkins 
which had been necessary during the period of critical emergency in 
the FL production program. Such production was finally discontinued 
as of November 22, 1944. Also it was decided to return the two 
G-B16 vapor phase reactors to the C-816 production program at du Pont. 

During the latter part of 1944 and early 1946, requirements on 
0-2144 changed considerably in that oomiaitttents were not firm and the 
requirements would fluctuate almost from day to day. However, produc- 
tion of the liquid phase C-2144 was continuously carried out* Due in 
part to changes in requirements and to the satisfactory progress being 
made with MFL it was deoided in the middle of May that no 0-2144 
would be made afterJ July 1946. However, total FL production was 
in excess of requirements and as a result of further conferences, a 
letter was written on^May jtjij 1946 stopping the crude feed to the 
C-2144 process with the instructions that only the crude then in 
prooess would be made into finished material. Also, instructions were 
given to place the facilities in standby condition. The overall 
production of C-2144 by du Font under all its contracts was 30,513 
pounds. 
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Under Contract W-7412 eng-2 with E. I. du Pont de Hemours tt Co. 
8,216 pounds of C-2144 were produced at a coot of 1783,810, or an 
average coet of $95.40 per pound. Snder Contract W-7412 eng-6, 
15,447 pounds were produced at a cost of 1893,530, or 157.83 per 
pound. Under Contract W-7412 eng-151 with the du Pont Company, 
6,850 pounds of C-2144 and 728 pounds of DXZ (silver difluoride) 
were produced at a cost of $211,070. 

In March 1944, the first description of a new fluorolube 
process which had been developed by Dr. Miller at Columbia was 
referred to (Ref . 26). The process consisted of polymerization of 
P-539 ( tr if luor oc hloroet hyl ene ) (see Paragraph on P-539), page 0.28 
using a peroxide catalyst, the polymer was fractionated and the lubri- 
cating oil fraction stabilized by further treatment in the liquid phase. 
The special fractions were carried out at Distillation Products, Inc., 
Rochester, Mew Tork. By the end of July 1944, Dr. Rosen had de- 
termined and so stated that the oil developed by It. Miller's research 
would be satisfactory for use as a substitute or alternate for C-2144 
(Ref. 31) . Also at this time, it was, recommended that the production 
of this material, MFL, be carried out at the Booker Electrochemical 
Company* du Pont was not interested in taking on any more work since 
they were completely occupied with the C-2144 program. Hooker was 
chosen for this program because they had the equipment available, the 
supervision and the manpower to do the work, were already under contract 
for a variety of other work, had considerable "know-how" in the general 
program and there would be no new security problems. Therefore, in 
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August 1944, a 3uppiecssmt to Hooker Con tract fi~?40S eii£-7S was initiated 
oallin^ for the product! ou of pol^oriaed fluorolubo (JoFL) at a coat 
of 1125,000, fvhioh figure inoluded the oost of research and development. 
At this tiiue, the production of C-2144 at du Pant wa« oonoiderably behind 
schedule* Shortly aftor the initiation of this supplojaaat with Hooker* 
official approval of as a subutituta for C-2144 was received* 

to. October 1944* Hooker iaforaed this offioe that they were willing 
to undertake the production of an additional oja entity of MPL under 
Contract Ho. if-7400 Sng«28 (Ref. 32). Since firm requirements for 
the large plant had not been received* the quantity contracted for mi 
large in order to have a factor of safety. £h the latter {art of 
October 1944. a survey was nade of the various fluoroluoe processes 
with the object of attempting to decide whet would be the aost coonomioal 
one to use for the requirements. At this tis»* the cost estimates for the 
various processes were not sufficiently first to make any final decision* 
but the cost sheen for Wt ens low enough in comparison with the others 
that it seemed obvious that this process would be asuoh less expensive. 
tbm cost actually sheen, was very much below the CH&44 cost but it ems 
believed that these would be subject to revision as production proceeded, 
iloreovor, on the basis of information available at this tine the quality 
of WL was shorn to be at least equal to that of C-2144 and probably superior 
to it. 

Barly in 1940* the production of WL was extended (aef. 33). and 
production continued without trouble* all during the tine WL was being 



produced considerable research was in progress on recovery of I4FL 
from the residues bycracking, and on the preparation of MFI, a heavy 
vaseline-like grease obtained froia the residues (fief. 34) . A con- 
siderable amount of acceptable materials was thus obtained. 

In a series of conferences, it was shorn that overall production 
of all types of fluorolubes was exoeeding schedules and the fact was 
brought out that it appeared very probable that consumption would not 
be as high as primary figures indicated because of improved operation 
and recovery by the users. Accordingly, MFL production was stopped 
as of A iay f%J 1945 (8ef. 35 and 36), and only the material in process 
was finished. The MFL from a considerable amount of residues was 
reoovered as well as some more Mil after the cessation of regular 
operation, The plant was then plaoed in standby. 

A 

the MFL plant was maintained in standby with the P-48 portion 

of the plant and this standby period expired on^ April fff 1945. At 

this time enough equipment for future Wh production thought necessary 

was segregated and plaoed in standby while the remaining equipment for 

all products manufactured under Contract Xo. H-7405 eng-28 was decla red 

surplus (Ref. 37). It was planned to terminate W-7405 eng-28 as of 

April 30, 1946 and to execute a new oontract to take care of the MFL 

standby start-up and production after that date. Shis new contract 

btecyst ©£■ 

was prepared but later due *» A tho changeover from the Corps of Engineers 
to the Atomic Swrgy Commission it was decided that it would be more 
suitable to supplement W-7405 eng-28 rather than issue a new oontraot, 
and a new supplement was issued accordingly. Originally, start-up of 



these WL standby facilities was planned for July 1947, but later 

consumption of WL indicated that the plant should remain in standby 

until July 1948 and then start production. The supplement was issued 

to cover these revised requirement dates. 

The entire remainder of the plant operated under W-7405 eng-28 

is in the prooess of disposal. Hooker, having entered a bid on the 

facilities, is now negotiating with the proper authorities. 

Cost of research on MFL under Contract No. W-7405 eng-78 with the 

Hooker Electrochemical Company totaled $121,010. Operating oosts from 

the WL and Wl process under W-7408 eng-28 totaled $670,680 . 21,710 

pouade of WL and 559 pounde of Wl were produced under this contract* 

Converting MFI to WL (559 pounds multiplied by a o on vers ion factor of 

2.5) gives 1,398 pounds as 1£FL. and this amount added to the 21,710 

23,\08 

pounds above yields a total production as MFI, of ZZ,i69-' pounds. Thus 

#29-02 

the unit prloe per pound of MFL produced was $&MA. 

fluorine (Q-216, 00) and Hydrofluoric Aold (HF) 
The bulk of this gas was uBed by Madison Square Area contractors 
engaged in the Manufacture of special materials knd at .the diffusion 
plant site for conditioning purposes* These requirements were filled 
by eleotrolytio generation at the point of consumption* However, a 
certain amount of packaged fluorine was supplied by the Madison Square 
Area to off-site users in nickel cylinders under 400 pounde pressure. 
This gas was used for research and development purposes »nd for con- 
ditioning operations^ at locations where certain equipment was being 
fabricated* 
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;1hea development work on 'the project me begun by the 
elementary fluoride was & scientific curiosity which had been prepared 
oaly oa a laboratory uoale, A good 'ieel of work was done in developing 
satisfactory electrolytic Mils for the generation of fluorine by 
alactrolysia of potassium fluoride, hydrofluoric aoid alac&rolyte. 
fhii dU»T©lopaaat work was carried out cooperatively at %hm du ?ont 
Soapaay, ff-7405 ©ng-181, at the Booker gLeotrooheaieal Coapany, Ww7406 
eag-7-8, at Johns Hopkins University, W-7401 eng-43, and at the larehaw 
Ohaaioal Company, H»7406 eng-43. frequent conferences were held to eo~ 
ordinate the results of research at all installations* By the tiae 
the f* S. S3#neer nepartnent tools over this work, the du i*oat Company 
had already progressed well in the development of a eell oapable of 
producing fluorine oa a large scale* However, this oell had tee out- 
standing disadvantages whieh were (1) the yield of fluorine was less 
then 70jC of the thsoretioal based en the electrical eurrent constated, 
and (2) there was a very great consumption of niokel anodes* whioh 
were the type being used in an aaount corresponding to l/Bth *f a 
pound of niokel per pound of fluorine gas produced* Shis work was 
serried out at du Font under 9*7418 eag-lol. 

Since the Hooker Electrochemical Goupany had developed an outstanding 
ehlorine generation prooeas and was known to have in its employ a 
staff with outstanding knowledge of eleotrolytio processes, it was 
felt desirable to get the benefit of their experience in the work for 
the project. Contract Mo, W-7406 eng«76, effective 'April h\ 1943, 
was signed with the Hooker Company calling for research and development 
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work on the production of fluorine on a large acale. IPhis worse was 
a continuation of work done under OSRD. Work on thie projeot at 
Hooker was very successful in that they developed a production cell 
which gave a yield of fluorine based on electrical current consumption 
of better than QQji and these cells used carbon anodes, thereby eliminat- 
ing the loss of nickel in the anodes which was obtained in the du Font 
cell* 

Earshaw* s development work on cells followed greatly along the 
line of Hooker* s experience* Harshaw found that the addition of a 
ssall amount of lithium fluoride to the electrolyte eliminated a 
great deal of the trouble with polarization and lack of wetting of the 
carbon anodes* 

Large scale generation of fluorine was carried out at the above 
companies under the various contracts involving its use* She preferred 
cell used was the carbon anode cell, and the nickel anode cells 
originally installed at du Pont were gradually changed over to the 
preferred type. 

In addition to the work done at these industrial concerns, 
laboratory-scale work was done at Johns Hopkins University under 
W-7401 eng-43 and at Massachusetts Institute of technology under 
Sf-7401 eng-288. 

It is interesting to note that under this program, in a compara- 
tively short tiae, the generation of fluorine developed frost that of a 
curiosity to large scale industrial production. Also the first cells 
constructed gave only a comparatively few hours of cell life while, 
at the present, it is estimated the life of cells with specially- 
hardened carbon anodes will run to almost 8,000,000 hours* 
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Work on packaging elementary fluorine in cylinders was oarried 
out at du Pont and Hooker. It was found at du Pont that the moat 
satiafaotory method of packaging fluorine at 400 pounds per square 
inch pressure was by liquefaction of the fluorine gas with liquid 
nitrogen and evaporation into the aiokel cylinder at desired pressure. 
For lower pressures, a satiafaotory diaphragm pump was developed at 
looker. Procurement of the packaged fluorine at 400 pounds pressure 
was covered by the du Pont Contract ?*-7412 eng-151 under which 1,797 
pounds of 0-216 was obtained. 

HF is one of the most vital chemicals to the Manhattan District 
operations as they are set up. It is necessary for the production of 
metal, of the process gas 0-616 and the various fluorinated organic 
oheaioals. all of which are necessary for the operation of the 
process, the quantity of HP required by the District has been very 
large and in 1944 ^bout 6800 tons or almost one- third }of the country's 
entire output of BF was consumed by the District. Though the con- 
sumption of this material is not so large at present, its importance 
has not decreased* 

HF was supplied to the contractors on the following three basest 
(l) the Government contracted with If producers for shipments of the 
material which were supplied to the consuming contractor without expense 
to hlnj (2) the Contractor acquired BF oh his own purchase order j 
(3) the Contractor manufactured all of the HF needed for his operations. 

In the fluorine cell generation problem it was believed that a 
purer grade of HP was required than the commercially available 



alkylation grade. Accordingly, Contract W-7405 eng-27, effective 
December 31, 1942, was a&de -with the Kinetic Chemieals, Lao. to 
supply the Government with redistilled HP. This material was manu- 
factured by redistillation of alkylation grade HP, the greater 
majority of which was obtained from Penn Salt Mfg» Company, A 
certain amount of this redistilled product was being supplied to the 
Sanford Engineer Works and Los Alamos to satisfy their needs. When it 
was desired to stop the produotiou of this material at Kinetic, these 
users tested a redistilled grade of HP which the penn Salt Mfg. Company 
had begun to manufacture. DJhen this was found satisfactory, work 
under W-74Q6 eng-27 was stopped on June 2S, 1946. 

All HP is now being purchased from regular coiamoroial suppliers 
by those who have need of it* Mar shew, being a oaainaroial supplier, 
still manufactures all their own needs for work on our contracts. 

Costs on these oontraots are itemized in the tabulation whioh is 
part of this appendix* 

miscellaneous Materials 
There was a considerable number of miscellaneous materials whioh 
were essential to the work of the project. A brief mention of these 
follows I 

Polytetrafluorethylene (D-29, K419, TFg ) - This material 
was intended to meet the needs for a plastic material for 
gaskets, valve seats and the like whioh would be inert to 
fluorine and process gas. Kxperienoe had shown that by far 
the moat likely material would be a completely fluorinatod 
substance. 0-29 had been developed by du Pont on an experimental 



scale in the years immediately before the war by polymerisa- 
tion of tetrafluorethylene, which was derived from a Freon. 
Since this was particularly a du Pont product, sxrangoiaente 
were made to meet requirements by purchase of the laaterial 
from du Pont. 

Preliminary requirements indicated that very large 
amounts would be necessary and it was intended that a plant 
would be built by the Government in which du Pont could 
produce the required amounts. However, further research 
indicated that this material was not as satisfactory as 
originally expected and the quantity needed would therefore 
be very muoh smaller. AH material was subsequently obtained 
on normal purchase orders. Also arrangements were made with 
du Pont to provide for the priority of the Manhattan District 
orders and for suitable seourity arrangements with respeot to 
the use of this material by the Die trict. 

Tr if luorochl oro ethylene ( P-539 ) - This is the material 
which Hooker used for the manufacture of MFL. P-539 ia 
manufactured from Freon 113 (trichloro-trifluoro-eth&ne). 
Since Freon 113 is a du Pont product and since the production 
of P-539 from it was in the experimental stage and was a 
du Pont development, the contract for this material was awarded 
to du Pont. P-539 was purchased on a unit price basis under 
Contract W-7412 enfc-161, effeotive May 20, 1944. 

The original price quoted by du Pont wa3 $9.00 per pound. 
This figure was later found to be oxcesaire and they reduced 



t 




the price to $4.50 par pound* at which prioe the first 
2,500 pounds were purchased, fhree subsequent reductions 
in prioe were madet 8,400 pounds being purchased at $2.90, 
2,000 pounds at $2.50, and the balance, 66,960 pounds, at 
#2.25. Total cost for the 79,850 pounds purchased under 
W-7412 eng-161 was $191,260, or an average cost of *2.935 
per pound. 



A number of researoh contracts were written with a number of 
Industrial concerns by this office. Very complete information relative 
to the work done by the various contractors working on research contracts 
is to be found in regularly submitted reports under all of these con- 
tracts except W-7412 eng-151 with du Font. With the exception of this 
contract, each contractor submitted a monthly technical report describ- 
ing the work during the month in detail. Also each contractor sub- 
mitted a monthly progress report with a summary of the work accomplished 
during the month and the monthly financial statement* du Pont under 
W-7412 eag-151 submitted a great number of special project reports 
covering the large number of researoh projects carried out under this 
contract, 411 of these contracts with the exception of I?- 7405 eng-288 
with Massachusetts Institute of Technology grew out of OSHD contracts. 

American Cyanamid - Contract W-7401 eng-53, effective^ June 1949 
was a combined research and service contract which provided mainly for 
analytical services of speolal types. The main development under this 
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contract was the Infra- Red Gas Analyser, this apparatus was developed 
by Or. 7. Z. Williams as a simpler and cheaper method than the mass 
spectrograph for analysing iluorooarbons* Four were constructed at 
American Cyanamid under this contract and furnished to various agencies 
under the U. S. Engineer Department* In addition, a great deal of 
analytical work was done by Dr. Williams using the various specialised 
physical methods whioh he had developed* Since Dr. Williams is an 
outstanding authority in the field of optical analysis, it was not 
believed that this work oould have been done as well elsewhere. 
du Pont Contract W-7412 eng-151 - This contract, effective 

5 

^September By 1944, not only originated in a large number of OSRD 
contracts but Contracts eng-9, 10, 47 and 156 with the du Pont Company 
were all combined in it. This was done at du Pont' a request. She 
contract therefore incorporated all research and development work 
connected with the very extensive program carried out for the Madison 
Square Area at du Pont as well as a small amount of production whioh 
was carried out as part of the development work. Since du Pont is the 
largest ohemioal company in the U. S. and its experience with fluorine 
compounds was almost unparalleled, it was inevitable that a very 
considerable part of the work for the tf. S. Engineer Department should 
fall to this company. All the research work for the fluorooarbons, 
fluorine generation and packaging and the metal and metal recovery 
process was done under W-7412 eng-151. 

Hooker - W-7406 eng-76 - This oontraot covered the research on 
the development of methods of manufaoture of organic fluorine deriv- 
atives and particularly of hexafluoroxylene, F-45. Also the research 



work done by Hooker on the manufacture of ohlorofluoroheptane (P-46) 
which is the intermediate in the Purdue 715CL alternate ooolant 
process* the research work on WL and MF1 plus the initial 100 gallon 
production lot was made under this contract. 

Hooker - W-7405 eng-76 - This contract was for the research and 
development on the generation and compression for packaging of fluorine. 
Hooker was chosen to oarry on this work because (1) it is one of the 
oldest and best known manufacturers of chlorine gas in this country, 
(2) the cells developed for the electrolytic generation of chlorine at 
Booker have been extremely successful, and (3) it was believed that 
the same talent which had brought this cell to such a high state of 
perfection would be equally successful for the generation of fluorine 
gas. That this has proved to be the case is evident from the faot 
that the Hooker carbon anode cell exceeded in efficiency the nickel 
anode cell already in use at du Pont by 60$ and that steps were taken 
because of this efficiency and the long cell life to substitute the 
Hooker oell for all du Pont nickel anode cells. $The fluorine genera? 
tion experience accumulated by Hooker was of great importance to the 
District since they were under contract to install fluorine generating 
equipment at the site for the conditioning of the units there. Develop- 
ment of mechanical equipment for low pressure packaging of fluorine was 
also developed and financed under this oontraot. 

Johns Hopkins University 1-7401 eng-43 was for research and de- 
velopment work on fluorocarbons. Host of the work under this contract 
was devoted to the development of a high temperature fluorine genera- 
tion cell and the use of metal salts as fluorinating agents for organio 
chemicals in the vapor phase. However, Johns Hopkins, conducted a great 




variety of small research programs at the request of Madison Square 
Area under this contract. In a seven-month period in 1944 when the 
fluorinated lubricant program had fallen greatly behind schedule* 
production of fluorinated lubrioant was carried out in order to relieve 
the critical state of affairs. 

Purdue university - W-74Q6 ong-74 . This contract covered work 
on research and development relative to fluorocarbons. Considerable 
general researoh experience in this field had previously been 
developed at Purdue and it was felt that Madison Square Area should 
avail itself of this exceptional background of experience* The main 
work has dealt with the problem ef developing an alternate coolant 
to take the place of 0-816 which was part of a more general program 
of developing methods of manufacture of fluorocarbons without the 
use of elementary fluorine, because fluorine is the most expensive 
item used as well as the most difficult to handle. Dr. B* T. MeSee 
who carried out this program at Purdue achieved considerable success 
and brought the process for developing 715CL ( ohlor o-pen tadeoafluoro- 
heptane) to a high degree of perfection during this work. Unfortunately 
by the time the process had been perfected the operating contractors 
had invested so much in the C-816 process that it was not feasible 
to put the C-715CL process in operation. In addition, considerable 
work was done on a variety of associated projects as requested by 
Madison Square Area. The Purdue University Group was particularly 
active in developing analytical methods which were applicable to 
fluorocarbons, and also functioned as a service organisation by 
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oarrying out aaay aaalyaaa for thm ff« 8. logiaoor Dopartaant. la 
lovonbor 1944* tha rMouraaa availafcla at Pur duo uadar this contract 
vara turaod onr ta Lt. Ooloaol fehoff at oak Udga aha had urgant 
nood of thaa far his aark* 

aaowahagotta laotltata af Taahnalagy - W-740* ong-m - thia 
contract woo wrlttoa ta pravido far oartala rosoaroh aark oa fluorino, 

which it aaa doold od at a general conference should be iaatitatad at a 

svact ftij virat o +v<h of **** 
unlToroity* aoiag of a typo^for «hleh tha uniToroitiea aara particularly 

Adapted, tha ooatraot aaa arranged with Hit olnaa Frefoooor Sohueh 

of that seheel had had aaay yeara of experience with fluorine end 

floor idoa la eoaaral and wee on outatandiag authority oa thia auejeet* 

By tha lattar part of 1944 work oa fluorino had progreceed uadar all 

tha oontraota covering thia type of work ta ouoh a paint that it aaa 

folt that thoro aaa na farthor aaad for roaaarah aa this ouhjeot. 

Accordingly, rooaaroh aark at 11X1 waa diaaaatiaaad In lowenber 1944* 
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s'jiisAKy of PKocuRmnrr for k-eb 



CONTRACT DATA 



Contract 

Hassaohuaatta Institute of 
Teohnology 
K-7406 one-288 

{■•on Salt MRnufaoturln^ Co. 
W-7405 eng-80 

Purdua Uniraraity 
W-7405 en 6 -74 



Operation 



Reaaaroh C-Z16 



Hydrofluoric Add 

Raaaaroh - C-716 CL, 
P-46 , othar 



Effective Pete 

February 15, 1944 

January 1, 1944 
Kay 1, 1945 



Construction 
Coat 



% - 



Operating 
Coat* 



$ 14,600 

458,700 
209.000 



$11,726,760 



(20,771,800 



•Inoludaa raaaaroh and deTalopaont eoata 



SU«Ui.SY OF rRXUREHKKT FOR K-25 



CONTRACT DATA 



Contract 

American Cy&namid Co. 
11-7*01 ens- 63 

Canadian Industrial, Ltd. 
W-44-163 eng-9 

E.I. du Pont de Kctaoure A Co. 
W-7412 eng-2 

lf-7412 en.-e 



H-7412 eng-7 
R-7412 «u L :-8 
B-7412 en£-151 



K-7412 eng-161 

Qenertil Chenical Co. 
K-7406 eng-316 

Her ehaw Chemioal Co. 
K-7406 en^-45 

Hooker Electrochemical Co. 
W-7406 eu^-23 
K-7406 eae-76 

K-7406 en^-76 

John* Hopkins University 
W-7401 en£-43 

Kinetic Chronical, Ino. 
11-7405 en 6 -27 



Operation 

Research, Analytical 
Sorrioes 

Liquid Chlorine 



Effective Date 

April 15, 1943 
July 20, 1946 

November 17, 1942 ) 



Construction 
Coat 



C-716 
C-2144 
C-816 
C-2144 

OS-12-116 (cot*lt tri- 
fluoride) 

D-29 

Construction of HP Plant 
Research C-716 -« 
Research C-816 

Research and Production C-2144*** 
Research and Production C^-216 (1) 
Product 6S9 July 1, 1944 



Anhydrous bydrof luorlo acid September 1, 1944 



Deeenber 81, 1942 



April 22. 1948 
Deonber SI, 1942 
September 8, 1944 



Researoh C-216 



Karoh l'li, 1943 
January 4, 1943 



P— 46 Production 
KFL A KTI 

Research - UPL April 1, 194S 

Researoh - alternate coolants 

Researoh C-216 April 1, 1948 



Research 

C-2144 and C-216 



Hydrofulorio Acid 



April 1, 194* 



■orember 16, 1943 



737,290 
9,101,260 

100,000 
184,200 



1.638,000 

20,000 
30,000 



Operating 
Coat* 



t 32.000 
6,600 



2,166,770 
788,800 

8,673,880 
898,680 
66,870 

92,700 

76,180 
147,870 
667,860 
449,700 
191,260 



42,900 



8,100 

8,864,880 
670,680 
121.010 
118,680 
282,840 



678,000 



860,000 



(1) Includes oosts Incurred under K-7412 onc-47 and OSMsr 809 and 662 which were Incorporated into W-7412 eng-161 
••• Include* costs Incurred under K-7412 eng-9 and OEMsr 414 and 664 which vera incorporated into K-7412 eag-161 
•* Iaoludes oosts incurred under OEMsr 681 which vera incorporated Into K-7412 eng-161 
• Inoludes Research and Development Coats 



Special Cheadcals for K-25 



References (All located in the MSA files of the Atomic Energy 

Commission, Office of Hew York Directed Operations.) 

No . Description 

1 Letter from Lt. Col. Crenshaw to Fr. Stewart of the OSRD, 
dated Hot. 9, 1942. 

2 Letter from Dr. Benedict of Kellogg to Br, B. W. Ellsy, 
E. I. da Pont de Nemours & Co., Dec. 8, 1942. 

3 Letter from Dr. ELley of da Pont to S. W. McCune, Jr. , 
da Pont, Dec. 22, 1942. 

4 Letter from Pr. 8, Rosen to Lt. Col. Crenshaw, Feb. 16, 

1943. 

5 Letter from Dr. R. Bosen to the New Tork Area, Feb. 15, 
1944. 

6 Letter from Dr. R. Rosen, Kellax, to Lt. Col. Crenshaw 
May 1, 1943. 

7 Letter from Mr. Arnold, Kellogg, to Lt. L. C. Bur man, 
Mot. 28, 1942. 

8 Letter from Lt. Col. Crenshaw to S. W. McCune, Jr., da 
Pont, Feb. 22, 1943. 

9 Letter from Lt. Col. Crenshaw to S. W. McCune, Jr., da 
Pont, March 27, 1943. 

10 Letter from Dr. Rosen to Lt. Col. Crenshaw, May 1, 1943. 

11 Letter from Dr. Rosen, Feb. 15, 1944. 

12 Letter to Madison Square Area, May 15, 1944. 

13 Letter from S. V. McCune, Jr., du Pont, to Capt. W. M, 
Rearon, 14 June 1944. 

14 Letter from Mr. Arnold, Kellogg Co. , June 24, 1944* 

15 Letter from Mr. Babcock to L. C. Barman, March 17, 1943* 

16 Letter from Mr. Fielding, du Pont, to Lt. Col. Crenshaw, 
April 22, 1943. 



17 Latter froai It. Col. Qrms&wt to Murray, Hooker 
Sleotrocaomieal Co., Juno 8, 1943. 

18 Letter fro« Clark, dn Pont, to it. Col. Sahoff* 
July 19, 1343. 

10 Letter frosa 'fcflnlng, &n Pont, to C*nt. Anthoo, .feu*. 35, 1943. 

30 Latter fron Cart. f*««*all to Mar»-»y, iio«k*r 
^octro-ahwla*! So., Hot. 3, 1943. 

31 Letter from Kesk, Hookor SEliiotroohoaia^l Co. to 
Cant. ^-siSMll, Wot. 11, 1943. 

35 Lot tor fr*>» Ctnt. ftttmoll to Bartlott, Hooker 
Xloetro ©hemic*! Co., Au&» 32, 1944* 

33 Letter from Dr. Hoeon, Juno 4, 1943. 

34 kettor fro* Sr. rLoson to Lt. Col. Crenehaw, June 19, 1943. 
26 Letter from Nojor Moron to Lt. Col. ftanoff, fob. 7, 1944. 

36 Mono by Copt, taithoe. Mop. 4, 1944. 

37 Lot tor from Hedlock to Mr* Olork, dm font* Apr, 6, 1944, 

38 Lettor from 9r, Hoean to Capt. Beekwtta, ins* 4, 1944. 

39 K«m by Copt. Aathet, Aa*?. 38, 1044. 

30 Letter from Cap tola Svartont to Mr* Clark, du font, 
Sept, 4, 1944, 

31 Letter from Sr. Hoeen to Br. Ourrto, Columbia, July 35, 1944. 

33 lot tor froa Mr. iartlott, Hooker ^leetroehemloal Co., to 

Hej. anefioll, Oct, 3, 1944. 

33 Lottor from Mr. Bertlett, Hooker Sleetrotfhemieal Co., to 
KaJ. V. J?. Kalloy, Jan. 23, 1945. 

34 lottor from Mr. Bortlott, Bookor moetroohoBdoal Co., te 
Haj. W. 3. Kelley, Mar. 16, 1945. 

35 Homo by W„ M. Hoiron, May 38, 1946, 

36 Lottar from V. 3. Kelloy to Mr. Bar tie tt, Hooker 
Slectrocheraie*! Co., June 4, 1945. 



References 

37 Latter from w, s. Ksllay to Mr. Bartlett, Hooker 
leetrochemleal Co., July 33, 1945. 

38 l>*ttef froa •«'. &. Kelley ?vo ttr. Bartlett, Hooker 
Bleotroahemlesl <3o., Mar, 37, 1945, 
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APFBMDIX H 

MISCELLANEOUS MATERIALS FOR P-9 
( Heavy Water Process) 

Baker & Co., Inc., Contract S-7407 eng-6, provided for sup- 
plying platinum-impregnated carbon catalyst for the P-9 Project. The 
process for manufacturing this catalyst had been worked out by the Baker 
Company in collaboration with Professor Taylor of Princeton University 
under 05 RP contract OSKsr-412. When the USED took over this project, 
contract W-7407 eng-6 was written with the Baker Company to provide for 
continuing to supply this product. This was a unit price contract pro- 
viding for supplying of platinum, charcoal, and Baking the catalyst, by 
properly combining the two. A total of 31,000 lbs. of Product 43 
( platinum-impregnated carbon catalyst) was supplied under this contract 
at a coat of $197,400 or $6.37 P«r lb. 

Harshaw Chemical Co., contract W-7405 «ng-l6, was developed 
for the purpose of providing a nickel-chrome actalyat for use at the P-9 
project. This catalyst was an alternate to the platinum charcoal catalyst 
which was to be furnished by Baker. Diff lenities A aross in the manufac- 
tare of this catalyst largely due to inability to get proper equipment 
and the contract was terminated as of May 6, 1943* Costs under this 
contract totalled $80,000; #22,000 of which covered purchase and instal- 
lation of equipment. The remainder of $58,000 covered research and 
development and the production of Product 80 (nickel-chrome catalyst) 
and intermediates. 4,509 lbs. of Product 80 were supplied under this 
contract at a unit price of $2.42 per lb.; 4,366 lbs. of intermediate Ho. 
1 at $1.1899 per lb.; and 19,313 lbs. of intermediate lo. 2 at $1.1989 




Contract So. W-26-021 eng-10 with the Harshaw Chemical Co. was 
negotiated in order that material manufactured under W-7405 eng-16 
over and above quantities set up as termination inventor/ in the 
termination settlement of that contract and not previously paid for 
under W-7405 eng-16 might be acquired by the Government without re- 
opening the termination agreement on Contract W-7405 eng-16. 

Because of security considerations, it was essential that all 
quantities of Catalyst &0 and intermediates be obtained from the 
contractor and placed where it would not come into the hands of the 
public. 

12,200 lbs. of Product 80 and intermediate* were procured under 
this contract at a unit price of 11.00 per lb. 
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APPENDIX I 
MISCELLANEOUS MATERIALS FOR X-10 
Helium 



The Madiaon Square Area received various requests to supply 
Helium. The TNX division of the Explosives Department at duPont desired 
helium for the Hanford Engineer Works. For this request arrangements were 
made with the Bureau of Mines of the Dept. of Interior to supply the 
helium to Hanford. The business between this office and the Bureau of 
Mines was handled by transfers of funds from the War Department to the 
Department of Interior at a cost of approximately 130,000. As the work at 
Hanford progressed, the requirements tapered off greatly and later the 
schedule was withdrawn by the Area Engineer at Hanford Engineer Works 
and shipments were then made on the basis of individual requests from 
Hanford Engineer Works. When the requirements loomed large, 7 helium tank 
cars were purchased, from the General American Transportation Company under 
Contract 86. W-7401 eng-41 at a cost of $253,700. For security reasons 
these cars were numbered with Navy tank cars numbers and were operated on 
a joint basis with the Navy in order to use the total number of tank cars 
available in the most efficient manner. 

Of f -Gas 

The term "off -gas" refers to process gas which has been run 
through the K-25 separation process and has been depleted in valuable materi- 
al to such an extent that it is no longer useful in such processes. However, 

did not 

the depletion of the valuable material was not sufficient so that it A have 



value la the X-10 process and for this reason it vat desirable to trans- 
form this off-gas Into metal for X-10 use. Also tha stornge of off- gas 
Is Inconvenient 4ue-te the extreae volune,and transformation to some 
material more easily stored was sought. 

OuPont vas requested to as mime the responsibility for studying 
the ehenieal treatment of the off-gas under K-7412 eag-10 which contract 
was later incorporated into Dt-7412 eng-151. The prcgrasi vas to include 
methods for the conversion of process gas to aetal or sons Intermediate 
product and the design and construction of a plant to utilise such a 
process* She importance of providing for the recovery of any 0-713 or 
0-316 in the off-gas was stressed and it was suggested that It probably 
would he the w e st desirable to convert the "off- gas* to the tetrafluoride. 

Defeat developed a satisfactory Bathed for the recovery of off-gas 
involving reduction of the gas with sodlua hydro sulfite. Provision van nade 
for the recovery of the fluoro carbons and process had been developed through 
the pilotplant stag*. It had been assumed that the duPoat Co. would con- 

A 

struct and operate the off- gas plant. However, duPont was not willing to 
construct such a plant nor was this office able to change their decision, 
She reasons given for this reluctance were that it did not fit in adminis- 
tratively with the duPoat pro gran and duPont vas reluctant to assuae addition- 
al war work because of the large nuaber of projects on which they had al- 
ready assuued responsibility. 

Because of this reluctance, it was decided to atteapt to interest 
the Booker Blectro Chemical Company in this project. Hooker was chosen be- 
cause of their faailarity with other Manhattan District Work, negotiations 



were satisfactorily completed vi th Hooker and these negotiations eventually 
resulted In Contract U-7405 ong- dl9. However, Hooker stated that they were 
not villi&g to do any research on this program, tot were only willing to 
construct e«id operate & plant according to designs and directions furrii-jaed 
by the Kadi sea #q«t*re ires, 

About this time word was received that Dr. % adding at Iowa State 
Collage had davalopad a large-scale pxooess lor producing tetrai'luoride 
directly- froa. process gas hy a method involving pyrolysis with dry bydroefa- 
^lorlc «eid, fhis process was successfully tested oy duFest. because of 
the advrj5.ta^£ti of thin urocsss it was lisae&iately decided to substitute 
this for the dufont aodiuc hydro sulfite proeeee. 

J 3e®=ty. the caseation of hostilities, plans were changed and the 
design york vas not completed. However* Hooker vac r«inbursed Tor the 
amount emended asid the final draft of Contrnet ¥-7406 eng-2519 covered 
this rel&ihurseaent which totaled $2,200 Mid also the provision that 
Kooker would te willing fco &ssuks this «ork ag,?.in at any tiao 139? to the 
end of the and six ana the thsrsaftor. 

ccat of rotearch in the '*off-gas B procraa at duTont under 
tf-7412 eagf-lSl totaled $50, £70. 



Barisod Sonaarr of Contractual Procnroaent for Site J (mm of January 1. ML7). 



COHTKACTOB 

Alii* Chalmers Coapuiy 
Aaariean Cyanaaid Cenpaay 
Aaerioan Phenolic Corp. 
■ • • 

Anerloan Truck 4 Body Co. 
Aaerleen Seal ting ft Re- 
filling Coapany 



Arnold Engineering Co. 

Babcock fc Wilcox Co. 

■ « • 

Bakor and Coapany 

■ • ■ 

Baldwin Loeeaotive Sorka 
Belaont Saeltlng * Be- 
f iniag Berks 



Blaw-Kaox Coapany 
Bowser, Inc. 

Braaatar Aeroneutio Corp. 
Broah Beryllltta Co. 



Bendix Ariatioa Zelipee 

Pioneer tiriaioa 
Buffalo Foundry * Maebina Co. 

Callite Tonga ton Co. 



Carboley Coapany, Inc. 



I 

m 



cobtract go. 

S-26-021 eng-3 
B-7401 ong-*l 
*-3*-©94 ang-17 
*-3b-094 eng-20 
K-7423 ooe-19 

is-7401 eng-75 
£-7401 eng-180 
Jf-14-108 eng-10 
*-7407 oag-57 

K-7421 onc-19 
v-31-109 ong-3 
b-7407 ong-15 

c-7407 eng-22 
R-31-109 eng-2 

B-7401 ong-76 
B-14-106 eng-5 
B-14-100 eng-6 
R-U-108 eng-S-1 
B-U-108 eug-7 
fc-28-094 onc-1 
K-7409 ong-28 
w-740l onr-78 
W-22-075 ong-10 
K-7401 anc-oO 

B-35-OS6 onf-12 
K-7407 one 56 

B-7409 ont-S9 

S-14-108 eog-1 

w-7401 eng-tl 
u-7401 ong-98 
1-22-075 «n«-2 
S-22-075 ong-3 



CONTRACT 

4 Oat. 1944 

0 Fab. 1944 
10 Jen. 1945 
18 May 1945 
10 Apr. 1944 

30 Aug. 1943 

14 Sept. 1944 
12 June 1945 

1 Fab. 1944 

20 Ceo. 1944 

6 Karon 1945 
12 June 1943 

22 July 1943 
10 Dao. 1944 

31 Aug. 1944 
30 Jan. 1945 
17 aarch 1945 

21 tco. 1944 
30 Karon 1945 
12 r«a. 1944 

7 July 1944 

15 8apt. 1943 

9 July 1945 
IS An*. 1943 

14 Fab. 1946 
21 Fab. 1944 

10 Hajr 1944 

21 Capt. 1944 

10 Oct. 1943 
9 June 1944 
30 Oct. 1944 
ZL Bor. 1944 



item 



Betatron. 

504 lba. crystalline boron 10** 
1,100,000 ft. coaxial cable. 
1,900,000 • • ■ 
2 eustoa bollt trailera. 



CCSSTSOCTIOS 
COST 

I - 
140,000 



50 tone (eh) lead — - 

11,000 lba. lead biaanth alloy. — 

15,000 lba. bi tooth tin alloy. — 

Blectrio enrrent (night Iced) — 
1 Feb. to 31 March 1944. 

1 hydraulic aeenamlator. — 

2 " * w/apsre parte. — 
1 circular gold disc (780 oc.) — 
1 circular plfttlnaa dice (886 e«.) 

200 ex. iridina — 

3 tea ting Machines. — 

19,800 lba. biaauth aetal — 

5 tons cerretm. — 

75,000 lba. cerrotra. — 
Sale of 6166& lba. biaanth aetal ban.— 

1 tower. — 

1 B o aa ar unit. — 

1 turret lathe w/aeees«orlee, — 

Powdered beryllluB oxide. — 

Berylliua aetal, luap a pebble f ora. 33,000 

Berylliaa aetal * fluoride flux. — 

15 invertera. — 

3 cteaa jacketed kettlee with — 

aocatiaga* 

152.005 kga. Puretest fabricated — 
Into various foraa. 

Frcparatioa of 100 lin. ft. 4" * — 
100 lin. ft. 6* Puretcet. 

2000 lba. tungsten carbide powder — 

15 • ■ • • — 

1500 lbs. • • — 

Beeearch a production of 1 tungsten — 
carbide sphere. 



0PHUTINQ 
COST* 

• 50.300* 
324,400 
61,600* 
92,900* 
6,300* 

8,200* 
8,600* 
15,100* 
7,600* 

144,4CO* 
14.300* 
58.200* 

33,000* 
400* 

25.100* 
9.500* 
82,500* 

6,900* 

6.300* 
17,600* 
5,200* 
45.600 
366,000 
137.800* 

5,000* 
6,700* 

6,300* 

1,400* 

15,000* 
9,500* 
8,200* 
5,100* 



CCWTRACTOS 

Cartel oy Conpany, Inc. 



Carnagl* Illinois Stacl Co. 
F. H. Crwrfor* 

laataan Kodak Coapany 

■ ■ 9 



Cast Coast Sarrica Co. 
Timer and Aaand Co. 
Blaetronia H«chani6«, Inc. 
Elaotro Matallnrgleal Salt 

Corporation 
Fanataal Matallurgloal Co. 



Fadsral falapbona ft Kadio 

Corporation 
Qarwood Industries, Inc. 

0«n«r«l Motera Corp., AC 

Spark Flog M^fiaion 
Qlobs Industries 
Randy* laraon 



Rarebaa- 6bsed«al Coapany 
Illinola Institute of 

Teobnology 
International ■ flt lnoss 

■sahlne Co. 
International liekal Co. 



9-22-07$ ong-4 



V-22-075 *ng-8 
C-22-075 aac-9 
«>22-075 ang-14 
R-31-109 enc-4 
K-7U8 eng-55 

R-7405 aag-300 
K-26-021 eng-2 
*-26-Q21 eng-18 
91-31.109 anc-12 
R-44-154 eng-2 
*-2t-©94 anr-12 

w-26-021 eng-19 
s-7425 ang-27 
w-7425 «n<-29 
B-17-028 eng -30 

*-38-094 ong-21 
K-31-109 eng-7 



R-7409 aag-24 
B-7409 oae-30 
«-7W>5 eng-147 
9-7405 «nc-269 
1-7405 ang-299 
■-7405 ong-309 
e-7405 *«g-317 
V-26-021 eng-8 
V-26-021 enf-15 
3-7405 eng-289 

w-14-108 ong-14 
1WA-153 «ng-5 

s-7407 aof-23 



CATE cr 
C08TRACT 

7 toe. 1945 

12 Apr. 1945 
6 Jane 1945 

1 8or. 1946 
15 «*rob 1945 

8 Am* 1944 

22 June 1944 
22 8 apt. 19U 

21 Hay 1945 
11 *m» 1946 

2 Apr. 1945 
31 Oct. 1946 

22 Kay 1945 
1 Fab. 1944 
24 bay 1944 
a June 1945 

18 May 1945 
28 lUrch 1945 



28 June 1944 
22 July 1944 
20 July 1943 
10 June 1944 
12 Ana 1944 
26 June 1944 
12 8 apt. 1944 

29 Sot. 1944 
14 kareh 1945 
6 Jane 1944 

19 tee. 1945 
1 lor. 1945 

22 July 1943 



COBSTROCTIOH 0PSSATZBQ 

ITEM COST COST* 

12,000 lba. tangatea earbide powder I — 59,500* 

(3*, 9*» 6* aobalt). 

7500 lba. tung«t«n earbide. — 40,600* 

4000 lba. tungsten carbide, t>% cobalt.— 21,700* 

25,000 lba. tungsten earbide powder. — 129,200* 

Laasa of freight ear. — 500* 

1 rolling adll, 1 T bait s»tor drive, — 7,700* 

1 20 b.p. notor ft 1 magnetic atartar. 

9 eaoaraa. — 6,200* 
8 " — 6,700* 
1050 roUa 35 ■» panehroaatie film. — 19,300* 
90 shipping eaeee (for "i" Unit*). — 6,950* 
2809 C»a. galliun atatal. — 16,825* 
220 aykroy Mn«a. 41,150 22,890 

2000 lba. rediatilled calcina. — 6,400* 

720 beryllia brloka. — 44,200* 

359 •» Bara« l£» to 10$" long. — 23,600* 

30 ft. tantalum rod. — 4,500* 

100,000 ft. eoajdal eabla. — 5,100* 

Attachments for Catarpillar t-7 — 7,800* 
traotor ft LsTourneau AT-2 erana. 

serylliun oxide brloka. — 6,300* 

1 vibration taat machine — 5,500* 

500 troy os. gold* — 17,800* 

5 •beets gold. — 7,300* 

U abaata gold. — 5,400*. 

120 ft. gold air*. — 6,300* 

10 abaata geld. — 10,600* 
50 abaata gold. — 12,600* 
38 gold abaata, 25 ft. goM *lr*. — 11,700* 
92,450 lba. boron trlfluoride. — 72,770* 

5 wire recorders. — 26,620* 

Bervioes ft equipment to parform — 23,320* 
calculations . 

350 oa. Iridium powder — 57,800* 



smocona 



Johaaen Hatthey A Co. 

■ ■ ■ 

LAB Corporation 
Laboratory Associates 
La Touraeau 

tt&8B4chu««tt« Institute of 

Technology 
Monarch Machine Tool Co. 

Uoeaanto Chaaloal Co. 

■ ■ « 

■ ■ « 

Rational Carbon Company 

■ ■ « 

■ en 
• ■ * 

Northas ftarrsa Corporation 
Morton foapany 

■ ■ 

Plokor X-R*y 

Peugh, frad 8. 

Raolna, Em. A. 
Raytheon Mfg. Co. 



• ■ « 

u m m 

■ • • 

• • ■ 



Sicklea Company 
8taaff«r Caoaioal Co. 
S perry ayroseope, Zac. 
Spregue noatrlc Co. 
Dnion Saitoh a Signal Co. 

■ • an 

Oniverslty of Ullnola 



CONTRACT BO. 

»-7407 ang-24 
K-7407 ung-35 
b-28-094 sng-2 
S-31-109 ecig-8 
R-17-026 sag-26 

B-26-C21 eng-22 
S-7423 ang-22 
*-7407 eng-134 
8-7407 sng-V46 
H-3S-058 sag-1 
lf-7401 ong-77 
E-7401 eag-179 
•-22-075 ong-6 
W-44-108 sng-S-4 
u-28-094 ong-6 
K-7405 ang-292 
W-2B-G94 ong-7 

W-7412 ong-162 

K-22-075 ang-1 

*-31-109 sng-10 
K-U-108 sug-3 

K-14-108 eag-9 



sng-12 
V-U-108 sng-13 
&-14-106 oag-19 
•-42-069 •Bff-8 
•-7407 ong-59 
W-28-094 ang-8 
■-31-109 aag-4 
«-42-069 sng-4 
S-42-069 ong-6 
R-44-153 ang-3 



DATE Of 
CONTRACT 

22 July 1943 
7 Sspt. 1943 
26 Dse. 1944 
7 Jans 1945 
S Jan. 1945 

20 Aug. 194$ 
16 June 1944 
16 Aug. 1944 
11 Sapt. 1944 
25 Oct. 1944 
10 Sapt. 1943 
13 Sapt. 19U 
18 Poo. 1944 
7 Jan. 1946 

2 July 1949 
15 July 1944 
1 Fob. 1946 

21 Aag. 1944 

30 Sapt. 1944 

15 April 1946 
28 Oct. 1944 

15 Kay 1945 



S Aag. 1945 
9 Jan. 1946 
11 Oct. 1946 
1 July 1945 
5 «or. 1943 
a rob. 1946 
20 March 1945 
16 Apr. 1944 
IS Kay 1945 
31 Karen 1945 



-0 mnn> 

; 



CGNSTBUGTXOS 
COST 



0FE3UTI8Q 
COST* 



200 os. iridium $ — t 31,000* 

100 os. osmium — 5,000* 

1 500 lb. ahaka table. — 6,000* 

4 seismographa. — 6,000* 

4 cranea. — 7,300* 

Beoearch * sovalopaont of *i" Quit. — 20,500* 

4 lathes w/aeceeaorlee. — 18,900* 
200 plastic tubes, 400 plastic dlaoa. — 10,000* 
6000 aq. ft. plastic sheet. — 46,900* 
5000 " • " » — 29,400* 
40 tons graphite AONT or AOOT — 28,600* 
72 pieces graphite rod. — 7,600* 
69 ' " • — 9,900* 
Sale of 40,000 lba. eerap graphite. — 30G» 
Electrical equipment. — 6,200* 
Crystalline boron. — 53,000* 
593 aagneala crucibles, type S-l, 22,000 66,600* 
1226 " ■ • B-2. 

1 X-aay salt »/aobile chassis a — 6,900* 
tube stand. 

Consultant services regarding — 3,900* 

tourasline a procurement of sane. 

1 portable radiograph tiasr. — 37,000* 

■X" Onltai 45 K-l, 280 U-2, 125 K-3 — 2,422,500 

25 other (sxosrlnsatal), 12 K-2-60. 

Splices for coaxial cable} 500 sets — 135,200* 

coaxial cable) snpty eases a covers 

for eng-3. 

Ceapoaents for *JE" Unit M-2. — 54,200* 

5 Units, K-3. — 80,000* 
1550 spark gape.*** — 90,000 
230 delay Unas. — 5,500* 
1,131,525 lbs. boron trichloride — 63,000* 
1 portable radiograph tiasr . — 47,000 
Condensers. — 19,900* 
Electrical equipment. — 6,200* 
Electrical equipment. — 31,000* 
4 vacuus tubes. •— 2,000* 







date or 


COKSTiaJCflOH 


OPERATING 


COKTRACTOR 


CONTRACT «0. 


C0KTR4CT 


ITEM 


COST 




VMOoloy-fUwet Corporation 


fc-14-108 eag-s-3 


18 Oct. 1945 


Sale of 1875 lbo. tungsten earblde 


1 — 


* 12,300* 








powder (6J oobalt). 




« • « 


B-7409 eng-27 


5 Joly 1944 


Tungsten carbide brick*. 


— 


36,000* 


■ ■ a 


B-7W #08-33 


2 Sept. 1944 


JOOO lbs. tungsten carbide powder. 


-— 


20,600* 


v a » 


K-17-028 eng-27 


1 P«b. 1949 


1500 lbs. tungsten carbide powder. 


«— 


10,300* 


n h « 


fc-17-036 eng-28 


9 April 1945 


2500 lbs. tungsten earbido. 


— 


17,100* 


v«tt«rn EL«otrlo Coapany 


B-7405 eng-298 


6 AtK. 1944 


9( dldri a *»> 1 4 neon 




3,300* 


%mmtA mhtwiii H.w»C fcr4.fi ft 

v #*^*WVv !#• OhV ^ 










Manufactorlng Co. 


HW7 eng-131 


24 Fob. 1944 


2000 inches tungsten bar. 




10,000* 




«-7405 eng-312 


15 flee. 1944 


Research & developnent regarding 




51,400* 








X-ray taboo. 






■ ■ « 


R-35-058 eng-3 


27 Mot. 1944 


544.8 kge. tungsten powder. 




5,700* 


(MtTito Chlorine Pro*). 


*-28-09i» eng-4 


26 Mareb 1945 


100 T. beriva nitrate. 




35.400* 


■ ■ • 


K-28-094 cng-15 


25 lor. 1946 


60,000 lbs. baring nitrate. 




6,900* 


Tale * Toone Mfg. Co. 


K-22-094 *a*-J 


4 Jan. 1945 


Chain hoisting eqaipneot. 




10,700* 








Sub-total 


$236,150 


15,826,775 



* Financially ooaplotod. 

** Contract lator attppleaented adding tho foil ovine i 

1. 850 lbs. calcine flaorido-boron trifluoride 
eoaplex in which tho ratio of B-10 isotope 
to B-ll Isotope Is groator than noraal. 

2. 242 lbs. calelun fluoride-boron triflnorida 
ooaplex in which tho ratio of B-ll isotopo 
to B-10 isotopo is groator than noraal. 

•*• Contract originally called for dollTory of 5050 
spark gaps | however only 1550 delivered and re- 
minder cancelled. Contract not as yet ejcoantod 
pending the Oov e r nwn t'a acceptance of Contractor's 
elalnj no pajmnts have been node, the operating 
coot noted constitutes the eaount of the elala 
snbadttod by Contractor. 





Th* following contract* cowing radium rental and procureaant, also liatad trader F-6, war* for Sit* Ti 



COBTJUCTOR 
Boria Pragal 



Joaaph A. Rally 
■ ■ ■ 



COSTRACT MO. 

s-7405 •ng-313 
M-7405 acg-91 
K-7405 •ng-291 
S-7412 ang-157 
ang-19 
8-38-094 *ng-22 
R-38-094 ang-23 
«-38-094 «ng-24 



UTt OF 



1 Sept. 1944 
1 Juna 1943 
30 March 1944 

28 March 1944 
20 May 1945 
SO Jun* 1945 

29 ihma 1945 
7 tagoat 1945 



rrre or 

CONTRACT 

R 
P 
P 
P 
B 
R 
B 
B 



Sub-total Radius Prootirasant 
Total Contractual Procuraaant 



or eaeum 

5.595 
2,021 

2,471 
57 
5.000 
5,000 
5.000 
200 

25,344 



TOTAL COST 
TO WftM 

$ 31,718 
34,357 
42,015 
1,49* 
7,125 
0.750 
•4,375 
2,400 

« 132, 236 

♦6.195,161 



Pr ocu r aa ant for Sit* T on Purchaa* Ordara, totaladi 

pp. of Porch*** Ordara 

1944 383 

1945 319 

1946 n 
Total Purohaaa Ordara 776 



•278,815 
250,645 

,51,700 
$581,160 
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Almoet from the inooption of the Manhattan 
District, the element beryllium was of considerable interest to 
scientist* and engineers because of its many desirable nuclear 
properties. Because of its Ion atomic weight (9.02), beryllium 
could possibly be a highly successful moderating material for 
thermal energy neutrons, and the fact that measurements indicated 
that beryllium had a comparatively small cross section to thermal 
neutrons (0.03. based on uranium as 1) led many investigators to 
believe that beryllium could be employed in nuclear reactors with 
great success. In addition to its excellent moderating and neutron 
absorption characteristics, beryllium appeared to have several 
^a^t^y^utt^s^a^^c ^ cj*vo 3r o^jtxwjf in^j^io-P^kt istt^j ^B^i^5^jjrA^il9 t'^^o^Mi^^j tlx© IxA^^l^^t]^ 
temperature levels to which beryllium and beryllium oxide could be 
subjected. Other properties of beryllium also added to its interest. 
Because of its low atomic weight and low thermal neutron absorption 
characteristics, beryllium was of potential Importance as a reflector 
of neutrons. In addition, the nuclear reaction Be(n,2n) led many 
investigators to believe that the usefulness of beryllium in atomio 
reactors oould be greatly enhanced by this reaction. 

Although interest in beryllium was high in the early days 
of the Manhattan Projeot, the availability of beryllium was extremely 
limited. Only small quantities could be obtained from coraaercial sources 




and at prices which made the large seals us* of boryliiua prohibitive. 
Furthurraore, the material wae of a quality oo»pl«toly inferior to 
that required even for ooat Project purposes. 

Prior to the 9£aahatfcaa Project** interest in beryllium, 
very little use had been found for the natal as such, isost of it 
being used in the preparation of alloys with alunlnua, nickel and 
copper. Because methods had been found by which raany of these alloys 
could be isade dlreotly fro* beryllium oxide, It was not necessary to 
produce large quantities of beryllium metal in order to pro duo* large 
quantities of berylliuei alloys • As a result of the increased demand 
for the metal, however, within the Manhattan Project itself, the 
ffadison Square area of the Uanhattan Engineer Diotriot undertook* in 
19 U3, the responsibility of procuring the various request* for beryllium 
awtal and beryllium compounds which originated at many of the Manhattan 
Project installations. Since these requests for beryllium were 
comparatively small and were received in a highly sporadic manner, 
the procurement of beryllium and beryllium compounds was handled by 
the "Special Projects Ghroup of the Had 1 son Square Area. This arrange* 
atufc endured from X9h5 through the Sumner of 19U5« However, in July, 
I9U5, as a result of discussions between Colonel K. 0. Biohelc and 
Major W. £. Kelley, it was decided that the entire technical and 
procurement position of beryllium should be completely investigated 

and recommendations made oonoeming a continent production program 
for beryllium and its compounds* This decision was an outgrowth of 
an in area sing demand for beryllium metal and beryllium oxide, not only 
in the raw metal and powdered forms but as special fabricated shapes 
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suitable for use in the development of new atomic reactors 
and for the development of special military weapons. 

On July 31, 1945, Major Kelley requested 1st Lt. S. B. 
Roboff to carry out an investigation of the status of beryllium 
production and fabrication throughout the United States and to 
recomaend action to be undertaken by the Madison Square Area Office 
to initiate a large scale program for the production and fabrica- 
tion of beryllium and its compounds. 

during the month of August, 1945, a comprehensive study 
of the existing beryllium oompanise, as well as Manhattan Distriot 
metallurgical laboratories involved in the development and fabrication 
of beryllium was made. Based on the findings of Lt. Hoboff*s survey, 
a report entitled The Production and Fabrication of Beryllium was 
issued to Major Kelley on September 6, 1945. this report outlined 
the current sources of beryllium, methods of metal production, method* 
of beryllium fabrication known at that time, a description of the 
research and development work being performed on beryllium at the time 
and a sunns ry of the experimental results obtained as of that date, 
statements of methods of increasing the production of the crude metal, 
statements concerning the provision of facilities for the fabrication 
of the metal, and discussions of the various health factors known at 
that time which were Involved in the production and use of beryllium. 
In addition, the report listed recommendations to be followed by the 
yadison Square Area in initiating a production program for beryllium 
and its compounds necessary to meet the increasing quantities and varieties 
required by the Manhattan Distriot. 
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Soon after Lt. Roboff's report oa beryllium was issued, 
a Beryllium £eotion was formed to operate »lthin the scope of the 
M-?roduction Group of the iadison Square Area. Lt. itoboff was placed 
in charge of the Beryllium Section and me assigned the responsibility 
of organising a beryllium production program capable of meeting the 
quantity and quality requirements of the various Manhattan District 
installation*. In addition, because of the nebulous state of 
knowledge concerning the state of fabrication and production of high 
quality beryllium, Lt. Hoboff was also charged with organizing the 
necessary development projects to enable beryllium to be produced 
and fabricated in accordance with Manhattan District requirements. 
Lt. Roboff was to report directly to Mr. F. M* Belmore, then Chief 
of the M-Productioa Group, iaho supervised and coordinated the work of 
the Beryllium Section in accordance with the overall polioies of the 
Product ion Group. 

Sinoe prior to the formation of a separate beryllium production 
section within the Madison Square Area, the procurement of beryllium 
production was handled by the Special Projects Group, the procurement 
of beryllium prior to September, 1946 is described in the section of 
the History dealing with the activities of this group. However, in 
many lnstanees in the descriptions that follow herewith, reference 
will be made to contractual actions and production data occurring 
prior to September, 1945 in order that a more complete continuity of 
text may he provided. In the main, however, the discussions of 
beryllium procurement and development presented will cover the period 
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from the formation of the Beryllium Seotion in September, 1^45 
through December, 1946, which latter month *a« the last sionth of 
act! tr© operation of the Manhattan engineer District. 
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The Beryllium Sect ion was organised in Gapterabor, 1945 as 
an operating unit within fche M~ Production Group of the Madison Square 
area of Manhattan Kngineer District. At the tiaae of organisation, 
Mr. F. ;4. Selmore was Chief of M-Froduction and Lt. S.8. Roboff was 
a a signed as head of the Beryllium Section, reporting directly to 
Mr. Belmore. Corporal R. S. Morie acted as assistant to Lfc. Soboff. 
By the Spring of 1946, the technical and administrative work of the 
Section had increased to such an extent that a position was established 
to enable a laan to set up and handle the hundreds of smell requests 
for beryllium materials received, and to set up a production procure- 
ment control system for not only the small requests but to cover .the 
large scale production then being carried out by the Beryllium Seotlen. 
This position was filled in May, 1946 by Mr. Bernard Engel, who reported 
directly to Lt. Soboff. 

During the Summer and early Fall of 1946 the production and 
development programs within the Beryllium Section had expanded to such 
a point that it became necessary to obtain the services of an additional 
engineer. Henoe, a new position was established in October, 1946 for an 
engineer to specifically supervise the technical administration of the 
development work then being carried out by the Beryllium Branoh. To 
fill this position, Lt. H. P. falter, Corps; of %gineera, was assigned. 

By the end of 1946 the organisation of the Beryllium Section 
was as shown on the organisation chart in Addendum Ho. 1. 
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As found in nature, beryllium occurs chiefly in the minerals 
baryl (3 BeQ-AlgQjj.SSiO,, ) and phenaeite (2 BeO-SiQ,}. Beryl is by 
far the sore common and large deposits of this mineral are found in 
Brasil, Argentina, India and in the Black Bills of South Dakota . 
Lesser deposits of beryllium- containing minerals exist in all parte 
of the world and in this country oan be found extensively in Sew 
Hampshire, Massachusetts, Connecticut, Sew fork, Maine, and Pennsylvania. 
In 1940 the total quantity of bsrylliua la the earth* s a rust was 
deemed to be equal to the total combined quantity of copper, lead, 
and sine. 

Because it is by far the most prevalent ore for beryllium, 
beryl has been used almost exclusively as the raw material for the 
manufacture of beryllium metal, beryllium oxide and beryllium alloys, 
fhe chief oommeroial sourcea of beryl have been Brasil and Argentina 
with Brazilian ores being used almost exclusively from the years 1944 
thru 1946. Occasional shipments of beryl from India were received in 
the Onlted States and small amounts were mined in South Dakota for 
oommeroial use. Because of wartime restrictions existing in 1946, 
however, control of all beryllium-containing minerals, foreign and 
domestic, which were to be used in the United States was under the 
control of the Metals Reserve Corporation, and it was necessary that all 
purchases of beryllium-containing ores be made through and with the 
consent of this corporation. 
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During the period 134C-1348, fche price of beryl ore 
delivered in this country ranged from £9.00 to |12.00 per ton unit.* 
Tide price ms considerably more than that charged at the onset of 
florid star II, but since the cost of "oary Ilium metal does not vary 
considerably -with fluctuations in price of the ore, the relatively 
high price of beryl ore at the end of 1948 did not materially raise 
the cost of beryllium aetal at that ti tie. 

Although the Manhattan District was interested in the supply 
of beryllium ore to the producers, the Manhattan District did not 
enter directly into a procureoent program for beryl ore. This was for 
two reasonst First of a. 11, the producers of beryllium metal were 
able to obtain, on the open market , sufficient quantities of beryl 
ore to sore than meet the total production requirements of the Manhattan 
District daring this period, and hence it was felt that no active 
participation in a beryllium ore procurement program ems required by 
the Manhattan District . Secondly, during this period, beryllium ore 
procurement was being undertaken by the Metals Reserve Corporation, 
which organisation was building a slssable stockpile of beryllium ore. 
This stockpile was available to the Manhattan Engineer District should 
the need for the ore become necessary. 

Although the Manhattan district did not actively engage in 
the procurement of beryllium ore, a study was undertaken by the Haw 

* A ton unit is defined ae that quantity of beryllium ore containing 
2& pounds of beryllium oxide content. 
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Material* Group of the Jiiadison ..qua re Area to determine the 
future status of the beryllium mineral supply and to lay all 
accessary ground >«>rk for a !»auhattaii District program which could 
be put into effect should the sources for beryllium ore no longer 
be available to the beryllium companies for Manhattan District 
production, (aof. Ill) There «ere indications, even in 1945, that 
the availability of beryl ore may be subject to a sharp reduction, 
and plans were oe.de by the Saw Materials Group to Initiate a speoial 
ore produotion program for the Manhattan Cist riot in the event a 
tight situation became prevalent in the procurement of beryl ore. 
Up through the end of 1946, however, beryl ore was available in suf- 
ficient quantity to supply the producers of beryllium so that no 
concrete notion by the Manhattan District was necessary in the ore 
procurement field. 
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Because the requirements for borylliun metal, beryllium 
oxide, and fabricated shape* of both metal and oxide were received 
in the office of the Madi son Square .J-e« in large numbers, la 
various proportions, and for mrioua types and shape* of c&terials, 
It is virtually inpos Bible to describe the detailed production of 
theee requirements as part of this discussion* therefore, for the 
convenience of the reader, a complete co&pilatlon of all production 
and procurement requirements received by the Beryllium Section from 
its inception through Deoenber X$k6 have been grouped, together vtth 
related Info rant ion, in Mdendun Ho. 3. Mdendun Ko. 3 lists all 
requirements, both large scale production and small procurement type, 
upon which action Ms taken during this period by the Beryllium section* 
The requirements are grouped under the nane of the installation for 
which the material was to be procured, and included in this compilation 
is the type of Material required, the type of aaterlal produced, the 
quantity produced, the source of production or delivery, the contract 
number or purchase order number under which the procurement was effected, 
and the date upon which final shipment of the requirement was made. A 
study of Addendum Ho. 3 will give the reader a thorough insight as to 
the wide range of materials and types of production and fabrication 
vhlch vere required. 
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In di aoi is sing the production and fabrication of borylliun 
and its compounds, in view of the detailed listings given in Addendum 
No* 3* i« well to break down the types of production and fabrica- 
tion into five main groups, naaely, production of beryllium metal, 
fabrication of beryllium metal, production of berylliua oride, 
fabrication of berylliua oxide, and the production of berylliua 
nitride. It was the aim of the Seryllia* Section to eetablish as 
far in advance as possible the requirements for production and fabri- 
cation of berylliua in order that a steady rate of production and 
fabrication could be pi sowed and executed. As can be seen free the 
listings in iiddsndun Ko . 3§ the production requirements for beryllium 
and its compounds vere received in an extremely sporadic manner and 
normally called for a highly erratic rate of production in order to 
aest the ra^uiroacata. To more evenly balance the rates of production, 
a continual one ok was made by the Beryllium Section of all Manhattan 
Project installation* to obtain insofar as possible the future require- 
ments of these installations* Based on the future requirements, it 
was possible to set up the production of beryllium and Its compounds 
on an average ratjj> basis* Such production, together with a beryllium 
stockpile established at Middlesex, New Jersey, enabled deliveries of 
wost requirements within a reasonable period of time, and still allowed 
tin efficient and steady rate of beryllium production* Hence when re- 
quirements were low, it was possible for the Beryllium Section to 
accxusulate in the hie die sex stockpile considerable quantities of 
berylliura metal and beryllium oxide, vhich stockpiled materials were 
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shipped to users at such tines &s delivery ^aquiroraonts over- 
balanced the production rate. Hence, by using the Middlesex stock- 
pile as & buffer to west requirements, m overall effect of coinpjwra- 
tivsly steady production was realised at the producers 1 plants. 

jt'or those readers who are interested in the actual 
processes used by e«tch of the three beryllium producers in the 
Btinufacture of beryllium smd beryllium compounds for the Manhattan 
Engineer district, couple t« process descriptions as well as process 
flow sheets are presented in Mdendan Ho. S. (Also see Botf. 1^9). 

as was mentioned previously in the introduction, there 
was «n early interest throughout the M&nh&ttan 'Voj eot in the procure* 
aenfc of bery lliuo aetal, and <*« early as the Summer of I3U3, a require- 
ment for 2,000 pounds of beryllium eetol was received in the Madison 
Square Area Office* for shipment to Ktev Mexico. Jn addition, there 
was considerable interest in the nee of beryllium oxide (Ref. 7* 9)* 
a» a result of the lew Mexico requirement for 2,000 pounds of beryllium 
net*!, authori ration was received front I»t. Ool. Cornell, dated August 9» 
for the Hudi son Square Area to enter into a unit price contract for the 
supply of 2,000 pounds of beryllium r^tal (Ref. $)• 

In 19**3« the smly domestic commercial producer of beryl lima 
w*s the iirush Serylliun Company of Cleveland and Lorain, Ohio. The 
chief business of the Brush Beryllium Company up until this time had 
been in the production of beryllium copper alloy, but the Brush 
Goapany had available a small si 20 plant which Brush ol&iaed at the 
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time, was capable of producing fib to 300 pounds of beryllium metal 
per no nth {let. 9). Hence, Contract Bo. V-7k01 eng~60 dated 
August IS, 19^3* was entered Into with the Brush Beryllium Company 
for the manufacture of 2,000 pounds of beryllium metal and 100 to 
?t» pounds of beryllium fluoride, which, incideatly, had also been 
requested by H«w ''exico. Tha total consideration of this oontraot 
vat -#9,000, and the Brush Borylliua «3o»paay %»s given authorization 
under this contract to employ Government-owned equipment which had 
been used by tho Brush Laboratories in connection with an earlier 
development project for manufacture of urcaxLga metal. 

At about this time, as the result of Manhattan I'roject 
interest in the Brash Company, Brush was given authority by the tfmjp 
Production Board to increase its production capacity of beryllium 
metal to 600 pounds (?ef . 10). The Brush sstiaates as to their 
existing production capacity had been greatly over-estimated,, and 
by February lghh approximately only boo pounds total of beryllium 
metal had been produced under this contract {Hef . 11). Part of the 
difficulty with the Brush Beryllium^ Company v&e occasioned by the 
lack of ability to meet the specifications covering part of the 
material to be produced. In addition, it was found by Brush that 
the equipment which had been on hand and which had been thoti^t 
capable of producing upwards of 350 to 500 pounds of metal per 
month could only produce somewhat un^er 100 pounds par cionth of 
beryllium metal as required by the Manhattan Project. As the result 
of technical assistance given by the Hew Tork Office end assistance 
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provided through the '.'ar Production ho^d, production of the 
bory ilium v«» effected at a olightly greater rate throughout 19*&» 
although Brush never reached the 600 pounds p*r £»nth output which 
had been desired. 

'2he type of beryllltm metal prodded at that ttm« t txift 
which was, incident^ 1 , the beet available, was produced with nn 
assay range from to the remaining percentage consisting 

chiefly of beryllium fluoride - magnesium fluoride slag. !'urther~ 
more, in spite of the fairly liberal Bpaoi float ions then planed on 
the material, the barylliun also was high in alufflinaw, Iron, boron 
and silica content, and much of brush's production could not b* used 
because of the prevalence of these latpuritiee. It was possible to 
reduce the slag content of the metal by a rostelting operation at 
Brush, and in some oases It was necessary to obtain reraeifc metal In 
order to »eet the physioal and chemical specifications on the metal. 
Xhe price of the beryllium procured during this period was ^hj.oo 
& pound for raw lump aetal and ^S.OO a pound for recast or high 
assay octal (Kef. 7* 17)* 

During the latter part of V$kk and during early 1^, the 
requests for production of beryllium raetal begun to grow In nagnituda, 
and it was neoeatiary for several evaluations to bo jsado by the Special 
jprojacta Branch to ad vi&o the various Hanhat. tan Project installations 
of the possibilities of receiving beryllium s«tal in the quantities 
daeired. (itef. lj f 15, IS). By iterch 1S^5* the projected r«ouire?mente 
lor the Manhattan Projoct had reached such a stage that the production 
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rate then in effect, namely 1^5-POO : >rutnds per month, vould fall 
far short of neoting the overall requirement* (Kef. 16, IS). On 
the basis of the ' new requirements, negotiations were entered into 
with the xruaii Beryllium Company for an expansion of the metal 
production plant at thle organisation. Inasmuch as the Brush 
^ttrylliuai Oora ; >tiny 'b Lorain Plant van then capable of producing 
15,000 pounds of beryllium oxide per month (equivalent of approxl- 
mutely 5,(X)0 pounds of beryllium setal) , it was not necessary to 
increase the facilities for the production of ccide. The bottleneck 
therefore existed only in the conversion of beryllium oxide to 
beryllium metal, and it was necessary that additional equipment be 
procured and installed at the Lorain Plant to Increase the output 
of the Brush metal plant to a maximum of 1,300 pounds per month 
C-.ef . 19). As a result of the negotiations with Brush Beryllium 
company, a new contract, So. W-22-075 eng-10, was entered into with 
this vompany on July 9, 19^5* hi eh provided for the additional plant 
capacity at liruah Beryllium Company (cost to Government approximately 
^'6, COO), and for the manufacture of 4,390 pounds of beryllium metal* 
the total value of the contract was ^193,000. 

Shortly thereafter, the B«ry Ilium Section of the Madison 
Square ;»rea was created and the responsibility for the production 
and development of beryllium tmd its compounds was undertaken by 
this new Section* as a result of Increased requirements, Supplement 

1 to the £ng-10 contract was issued on October 17, 19^5 which 
xvieed the total beryllium to be manufactured under this contract to 
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5»57 y pounds and resulted la tai increase In the contr&etii&l considera- 
tion of vi^5 # t CO. By the end of 19^ }1 nd by virtue of the increased 
production capacity. Brush Beryllium Compute was producing metal Fit a 
rate of approximately 1,000 pounds per raonth and shipments were being 
zuide to fill the existing requirements. 

"here v« 9 nt> improvement, horror, t\% this tise in the 
•ualit.r of beryllion metal raanufaotured over that which had been mad* 
by Srush Beryllium Oenpany in the previous two year*. However, since 
a lfiTge proportion of the metal produced vas to be used for aetailurgi- 
cal studies at various Manhattan Project Installations, the assay of 
the aetal could be inprovsd by remelting operations either at Brush or 
at tho user's? site, m& a comparatively 1; rge plant ity of other im- 
purities did not appear too important at the time since nuole«r pro- 
parties of the beryllium were not a dominant factor. 

3y the Spring of 19^6 at n, rerttlt of process improvements 
and small equipment additions to tho Brush r>lcnt, the capacity of 
this plant for the production of raw berylliun metal rose to approxi- 
mately 1,500 pounds per south, although claims were made by the Brush 
Beryllium Company plant at this tine of a total production output of 
2,000 pounds per stonth (Eef. U). By late Spring 19^6, practically 
all metal required had been delivered under the original contract and 
Supplement Ho. 1, but additional requirements had been received in 
the Beryllium Section for appro almately 70° pounds of rewelted 
bfjrylliura metal. This vas provided for under Supplement IJo. h to the 
;.ng-10 contract dated April 17, I9U6. For the remainder of 1946 roost 
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oi" the beryllium' motal output of the Brush plant was ueed directly 
in the fabrication of special shapes re quired by New Mexico and 
Jiiicago, as dinousped under the subheading "fabrication of Beryllium 

By the wild of I9H0, a stockpile of v-ev-Tul hundred pound* 
of beryllium aetal had been accumulated at fche Middlesex Warehouse 
aii.-.l. va& being held in reserve to asset nsw requirements for delivery 
••••trly in 19' 4 7« l i ! he beryllium notal stockpile was planned, for uae, 
together -with full scale ^rush output, early In 19^7 mad V M»« en* 
of igU6 negotiations? had bo*>n started with the Brush Company for 
iuc.rtwa.aed output of beryllium metal to meet new large scale beryllium 
requirements. ( -ef . 1 through 0). 

As a ve&ult of the increase of the potential requirements 
in the 7* <*r 1^1 it appeared that the production schedule of Brush, 
'■•hi. oh •■■,ua nntioiputed between 1,$0Q <?,000 pounds per month, 
would not bo sufficient to meet the requirements of the Project in 
19^? fehich were to be upwards of 2,5DO to 3« ( 00 pound e per month. 
( : <ef. 1C1, 103, ILh). Hence, late* la Vjkb discussions were entered 
into kith the Beryllium Corporation of Heading, Pennsylvania, and 
prolixin, ry contractual arrangements were made for the production of 
approximately 1,000 pounds per month of high purity beryllium metal. 
Hov -evf.r, no ysrnaueat agreement had been reached with this Company 
by the ond of Ifyht, and hence no contract had be^n issued by this 
time. Uef. "i, 52, 33, 9U). 
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Xt must be mentioned th&t early in IQUV Clifton Products, 
Inc., 'Mneaville, whlo, h d implied trie Project with apnrorinateijr 
1U0 rounds of beryllium setal In flake form. (Hef. 150, 191, 159, 160). 
iiovever, this material vas used only for assail scale experimental 
Metallurgical purposes and it wee not required thereafter for any 
Project purposes. 

^aorioatlon of Beryllium Metal 

Although a considerable portion of the hnry Ilium Hiatal 
pro duoed up through I9I46 in the form of raw lump beryllium metal 
for use in metallurgical studies by various Project installations, 
in 19U6 fairly large scale requirements were received for special 
fabricated shapes of beryllium* '3ie large scale requirements for 
fabricated shaoee were chiefly for beryllium metal la the form of 
beryllium blocks measuring up to 2 s x 2* x 8" and for beryllium 
rods measuring up to 3" ia diameter* In addition to the multitude 
of small individual requests, there were three large scale produc- 
tion-type fabrication requirements received during 19U6. Two of 
these requests were received from Los Alamos, one request being 
approximately 2.000 pounds of beryllium rods ranging from 5/l6 M In 
diameter to 3" in diameter, the other being & series of beryllium 
blocks ranging from 1" cube up to approximately U* cube, and 
!*ei#b,lng a total of approximately 1,750 pounds. third large 

requirement received in I9H6 was from Chicago and involved the 
fabrication of approximately 3»^00 pounds of beryllium pj«»tal blocks 
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2* x 2" x 8* for uae by Dr. Zii a In the study of neutron diffusion 
fmd life measurements in beryllium, which measurements vere neces- 
sary before the design of nuclear reactors ewploy<Sita beryllium 
could be completed* 

By the early Suoaer of 19 V, it was a parent that there 
v ere two processes by vhloh the three orders could be completed, 
the first being the standardized extrusion process as developed at 
Massachusetts Institute of Technology! the second being a newly 
developed powder iaetai.lurgy-fiint»rlng process developed at the 
Brush .'iery 1 1 iua Company. Inasmuch as the requirements had not 
listed specifically how the fabrication of the various shapes 
should be Bade, sample shapes made by both the Brush sintering 
method and the extrusion method were sent to Los .Alamos and Chicago 
for a comparison and evaluation, together with the request that, 
as soon as the comparisons were completed, Madison Square Area be 
notified as to vhloh fabrication rocess should be used in making 
the various final pieces. 

Within two or three months after the various shapes had 
been forwarded to Los Alamos and Chicago, instructions were received 
to fabricate all of the Chicago blocks, as well as all the blocks re* 
quired i.t Los Alamos, by tho sintering process. Hovever, probably 
because of the high corrosion resistance of the extruded material, 
it was requested that the rods required for Los Alarms be manu- 
factured by the extrusion process. 
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•*n a result of these Instructions, arrangements wore made 
with Massachusetts Institute of Technology late In 19 ^6 to hftve 
sufficient raw metal produced to enable the casting of required ex- 
trusion ingots And the subsequent extrusion of these Ingots to rods 
of the desired diameter at the Revere Copper end Brass Company 
located at Detroit, Michigan* nine* Massachusetts Institute of 
Technology hod made It a regular practice to carry on extrusions 
one or two days per aonth at the Kevere press, it was felt that 
they could include each Month a sufficient number of extrusions for 
Lob Alamos in the re*jular monthly schedule at Severe to enable the 
fabrication of the rod order for Los Alamos over a period of several 
months* Ho attempt was made by the Madison Square Area Office to 
contact Hevere Copper and Brass Gompany directly, inasmuch as the 
number of extrusions to be performed in fulfilling the Los Alamos 
rod requirement was comparatively small «nd it was felt that cos* 
siderable expense could be saved by having Massachusetts Institute 
of Technology perfora the work at Revere on the sane days that they 
normally rent the press for nee on. their own extrusion work (Hef • 79) • 

In order to provide for the production of the Los ALaeos 
bricks as well as the bricks for Chicago, Oentrect No. w-?2~(79 eng»12 
was issued to the Brush Beryllium Company effective May 2, 19^6 » to 
provide for the production, at prices varying from $100 to 4V*Q per 
pound, of all these shapes (Hef. ul, 6k, 67, 120, 158), Furthermore, 
this contract was so written that any additional requirements for 
sintered beryllium shapes could be made by simply supplementing the 
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contract (Kef, 62, t>3). f 2he first shipment of blocks to Chicago 
under this contract was m&o on August 2, 19H6, and by the end of 
Scomber 19^6 tMi requirement was more ttaaa 50$ completed. Since 
it had been, determined that the shipment* for Chicago were of higher 
priority than the blocks for toe Alamos, full effort was plaoed la 
19H6 on the fabrication of the Chicngp bio eke, and heaoe no ship- 
ments a^inst the ho a AlaRos order had been aade by the end of the 
year. (Kef. 6i through 7&). 

It should be pointed out that la addition to these three 
lar^e seal© requirements received in l$ J, -6 a <great aaay other fabrl- 
coition requirements vere received and aet during this year. These 
ro'juir<^^iit6 involved smell but loportant shapes in the fora of 
foils, discs, flats, plates, spheres, hemispheres and various oddly 
shaped pieces. Since the Metallurgical Laboratory at Ksosaehttsette 

Institute of Technology was exceedingly veil equipped, it was 

1 

possible for this laboratory to produce these smell scale, and la 
many oases, difficult orders within their laboratory. Hence most 
of the GiB&ller orders, which la attny cases involved a research 
program to develop speoial techniques, were fabricated at 
Massachusetts Institute of Technology. A comprehensive listing 
of the requirement* for vurioue fabricated pieces can be obtained 
by a review of Addendum Ho. 3. 
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Pr od ^tlon .of. Beryllium Oxide 

rlie Project's Interest in berylliuia oxide was avldent a.s 
e,<?rly sa the 'Juan or of 19^3* at which tine the Madison Square Area 
w&s requested to arrange for the production of U,000 pounds of (50 
beryllium oxide at the Brush Beryllium Company (Hef, 21). At that 
time, the Brush Beryllium Company van capable of manufacturing 
arrproxifflfetely two to three hundred pounds of 30 grade beryllium oridM 
per weoK (Kef. 22). Because of the strictness of Project Security, 
it was impossible to deterraine the exact final use for the order 
for lios Alamos* At that time, Los .Alamos and cooperating laboratories 
at Ohieago and But telle Memorial Institute were not completely defi- 
nite as to the specific form in which the beryllium oxide was to he 
delivered, that is, whether or not it should he high-fired or low- 
fired oxide, or whether the mesh siee should he predominantly in the 
higher range or the lower range (fief. 23). However* by the end of 
November sufficient work had been performed by the users of the oxide 
to indicate that the M>»000 pounds, should be of the high-fired type, 
and hence Brush was instructed that the oxide should be high-fired, 
re- fj round, and acid washed to remove impurities (Hef. £b, 25). It 
was found by Brush, however, that in high-firing the oxide considerable 
unanticipated losses occurred, and in order that Brush would not lose 
money, revised costs were allowed to cover the increased manufacturing 
cost of the high-fired beryllium oxide (Sef. 2f>, 27). 3?y Way 
it was possible to complete deliveries on the k,000 winds of 
beryiliun orlde, and *'roK May l$hh through July 19^, a serine of 




supplement* were issued to Contract tfig-fS to provide for the 
production and delivery of beryllium oxide, in many eases sintered 
into apeolal shapes, to various Manhattan Project installations as 
required, (lief. 28 through }h) . 

In October 19^5, requests had be«*n received in the 
Had i son Square .ires, Office for beryl Huh oxide which actually had 
been fused and then reduced in size to -60 mesh, facilities at 
the iirueh Berylllua Company y/ould not enable this Conpany to com~ 
pletely fuse b«ry!liuR oxide and hence the Brush Company, through a 
subcontract with the Norton Company of Worcester, Massachusetts, 
was able to arrange for the fusion of approximately 2,000 pounds of 
ratr beryllium oxide (Hef • 3§). It vas felt that this 2,000 pounds 
after grinding vould give approximately 1,500 pounds of *6o mesh 
beryllium oxide, the quantity required by the Manhattan Project. 
Hence on November 8, 19^5# Supplement So. 8, which was later modified 
by supplement ?Jo. 10 to Contract W-7U0I eng-78, w< * 8 issued to Brush 
to provide for the manufacture of approximately 1,500 pound • of 
liorton fused beryllium oxide for delivery to the Manhattan Project 
(Bef. 36) » Ihe manufacture of this material vas completed la early 
February I9U6 (fief. 37). 

Xa early I9U6, the design of the Daniels nuclear reactor 
was well under way and considerable discussions were held between 
members of the Beryllium Section and the reactor design group at 
Chicago pertaining to the possibility of the manufacture of the 
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entire moderation structure of this pile from beryllium oxide 
(itef. 100)* Aa anticipated by fchft reactor design group, the 
beryllium oxide would be fabricated In the form of hollow hexagonal 
bricks but no concrete info motion was available as to the density 
and special physical characteristics of such bricks. Znua, In order 
to determine the various charaoteri sties laparted to sroch brick • 
by the use of varying kinds of beryllium oxide and various methods of 
oxide fabrication, arrangements were made for the procurement of 
5,000 pounds -each* of Brush SP grade beryl Hub oxide and 5.000 pounds 
of Brush QQ grade beryllium oxide to be fabricated Into the hexagonal 
bricks for use in development work on the Panicle File, the 5,000 
pounds of BP grade beryllium oxide was to be sent to the A 0 Spark 
Plug Division of the General Motors Corporation in 211st, Michigan, 
where it v-ould be fabricated into bricks by the use of a cold press 
followed by a sintering operation method* On the other hand, the 
5.000 pounds of Brush 00 grade oxide was to be shipped to the lortoa 
Gompaay for fabrication into the hexagonal bricks by the hot press 
process which had been specially developed at the Norton Company. 
In order to provide the oxide for these special fabrication orders. 
Supplements J?es. 11 and 12 to Contract K— 7*401 eng-78 were issued in 
late 19**6 to Brush to provide for the production of the 5.000 pounds 
each of the GC grade beryllium oxide and the SP grade beryllium oxide* 
(Sat. 39. **0, H2, 105). 

In addition to the beryllium oxide ordered from Brush, it 
was decided by the reactor development jjroup to attempt the fabrication 
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of fluorescent jjrfa.de bcrylliun oxide as manufactured by Clifton 
Products, Inc Heaoe Contract No. Vf-31-109 eng-19 effective 
itovaraber % l«4f> was awarded to Clifton Products, Inc. to provide 
for the production of $00 pounds of refractory grade berylliiam 
oxide for the Manhattan Project* Thin material, which was of 
primary interest to the Iforton Cojapaay for use in their hot press* 
ing method, was to he delivered to that Company for test. ( Kef . 30, 
31. 52). 

*«*4oa,ttoa. of ^eyyl^^O^de 

Until the interest of the Daniel a Group in fabricated fonts 
of 'beryllium oxide, no at beryllium oxide manufactured for the 
Manhattan Project was delivered to the ultimate user as the ua~ 
f&bricated powder* Snere were occasions fro a tine to time as far 
back as 13**3, when requests for fabricated material were received* 
i'hue, in order to supply the requirement for 600 bricks J" x )* x 6" 
(made from Brush GO beryllium oyide), Contract lo. SHT^S eng-27 
dated December 2J, 1S**3 was Issued by the Madison Square Area to the 
i'&nsteel Metallurgical Corporation of ilorth Chicago, Illinois (Bef . 
116). ihis contract provided for the manufacture of the 600 bricks 
which were delivered to hot Alamos* Other than this fabrication 
contract, little fabrication of beryllium oxide wae done on a coa- 
nereial cc&Le until the fabrication discussions were started, in 
1$M>» with the JJanlele Hie Uroup. During this enrly period, con- 
siderable beryllium o^lde was manufactured into crucibles, but this 
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work was performed chiefly at the user's site, «uch as (Massachusetts 
Institute of technology, Uhlcago, 3at telle Memorial Institute, and 
Iowa ititte College. Occasionally each of these organisations placed 
or dor b for oddly shaped crucibles or er visible stopper rode with 
such companies us the Norton Company or the MeSaniel Kafr&etory 
-ompany, out no large scale comereial program wn» initiated. 

However, late in 19"-6 discussions and negotiations were 
under taken by the Madison Square Area with both the Horten Company 
and the A 0 3p<ark JPlug Dlvi slon of General Motors concerning the 
fabrication of 5.000 pounds of Brush beryllium oxide to be sent to 
fl&cfi of the two companies. Special tests were being sade late in 

by etch company to develop the most efficient and practical 
means for the employment of their own process in the fabrication of 
beryllium oxide. However, the fabrication techniques hod act de- 
veloped to such an extent nor had negotiations proceeded far enough 
to enable definitive fabrication contracts to be issued to each of 
these organizations by the end of ; ig**6. 

Production of Beryllium Nitride 

In the tester of 19H6, considerable interest was expressed 
both at Chicago and Oak Hidge in the possibility of manufacturing 
beryllium nitride for ubo in nuclear reactors for the manufacture of 
O&rbon lH. Since specific requests for over 200 pounds of beryllium 
nitride had been received in the Madison Square Area Office, stops 
were undertaken to provide production set hods for the manufacture 
of this Material. Since no known production method for the 



rianufacture of beryllium ill t ride was avi liable, requests were 
issued to both Brash Beryllium Company and Clifton Product b, 
Inc., asking that suitable methods be investigated for the 
production of beryllium nitride ("ef. 119). To assist both 
-"rush and Clifton, Professor V. 0. Sohunb of Kasrachusett s 
Institute of Tachnology, operating through Contract V-7 Si °5 
eiig-175, £*Oted as a consultant to both Brush and Clifton in 
i.tq vi din£ aotual operating data on the 00 aversion of beryllium 
metal to beryllium nitride by the reaction of hot ammonia or 
nitrogen $as directly on the metal ( Kef. 83). By June 19H6, 
it was definitely established .us a result of a study of samples 
submitted by .Brush and Clifton re spec ti rely, that the nitride 
as manufactured by the Clifton prooaBS was far superior in 
quality to that manufactured by Bruah, and henoe in July produc- 
tion oontraet Kb. w-31-109 ang-lS dated July 10, 19^6, was issued 
to Clifton for the manufacture of 100 pounds of beryllium nitride 
(,'ief. HH, h&). this contract was a&ain supplemented on October 9, 
I9H6 to provide for further production of an additional 120 pounds 
of beryllium nitride. All beryllium nitride was made by Clifton 
Products through the use of beryllium motel flake, owned and 
furnished by the Government (Kef. U5). 3y the end of 19^, a 
total of 135 pounds of beryllium nitride had been delivered and it 
was anticipated that during January 19^7 the production of the entire 
required amount would be completed* 

1 
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As of September, 1945 the research and development work 

on beryllium had been performed chiefly at four project installations, 

i, - ■"■ . 

tr^i, University of Chicago, Massachusetts Institute of Technology, 
Iowa State College and 3at telle Memorial Institute. Of the four, 
Iowa Btate had been interested nalnly in methods of procuring crude 
metal while Chicago, M.l.T. and Battelle concerned themselves 
primarily with methods of fabricating the metal. Since the work on 
development of methods for producing crude beryllium metal had not 
been performed on a priority basis at Iowa, the work could be done 
only when time was available from higher priority projects. I he 
work on the production of beryllium metal at Ames during 1945 and 
1946 never was placed on a high priority project basis and by the 
end of 1946 the Ames method for producing beryllium metal from the 
fluoride, although successful, apparently was not capable of competing 
with the methods then in use or contemplated for use at the Brush 
Beryllium Company or The Beryllium Corporation. The work that Ames 
performed resulted la a good method for producing beryllium metal 
from the fluoride which was based on reaoting powder magnesium with 
powdered fluoride and allowed the reaction to take place in an open 
bomb resulting in the production of beryllium metal which was 
interspersed with a considerable amount of slag. Ames had also done 
considerable work on production of beryllium fluoride by passing 
hydrogen fluoride gas over beryllium oxide and/or beryllium hydroxide 
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at elevated t emperatures , However, by the end of 1948, neither 
the Ames method for producing metal nor the Ames method for producing 
berylliums fluoride had /at boon developed to a point where the 
procees as a whole was cosanerai&lly feasible. Flans were under way 
by the end of 1946, however, for the oontiauation of this work; and 
based on the seals of development assigned to this project it was 
expected that at least another year to a year and a half might he 
spent on development before conclusive and efficient processes could 
be evolved. 

She fabrication development work which was being performed 
at Chicago, M.I.T. and Battelle was continued, at the request of 
Mac! io on Square Area, and in many oases increased in scope and expend!" 
ture of effort, actually, the fabrication and development work at 
each of these installations was not under the direct Jurisdiction of 
the Madison Square area since the work being performed at Chicago was 
under the jurisdiction of the Chicago Area, while the Battelle and 
M.I.T. laboratories were supervised directly from Oak Kidge (Reference 
Eos. 76, 76, 77, 78). The Madison Square Area Office though, through 
the cooperation of both Chicago and Oak Ridge, as well as the individual 
laboratories themselves, set up coordinated programs at each of the 
three institutions, eaeh program aimed at developing several means of 
producing fabricated shapes of the types which, it was anticipated, 
would be required by other Manhattan District installations. 

As the work at M.I.T. progressed, greater and greater emphasis 
was plaaed on the fabrication of beryllium, until perhaps three-fourths 
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of all effort being e xpendad at the U.I .7. Laboratory in 1946 
mat on investigation of beryllium metallurgical and fabrication 
problem*. As a result, early in 194$ the Beryllium Section acquired 
technical responsibility for supervision over the work being performed 
at the M.I.T. laboratory under contract W-7408 Eng-175, while 
administrative supervision of this contract remained the responsibility 
of Oak Hidge. This arrangement, however, soon proved to be highly 
inefficient, inasmuch as it was virtually impossible in many cases to 
determine where the line between technical and administrative super- 
vision was to be drawn. Henoe, during the Summer of 1948, administrative 
oontrol of the M.I.T. project was gradually turned over to the Madison 
Square Area and by the end of Fall of 1946 all administration, both 
technical and administrative was the responsibility of the Madison 
Square Area. (Sef. 75 thru 89, 147) 

A summary of major developments on beryllium fabrication 
techniques performed at the Manhattan District's metallurgical 
laboratories during the years 1948 and 1948 Is as follows t 

(a) Development of a successful method of hot rolling 
beryllium by the use of iron jackets. 

(b) Development of methods of vacuum casting beryllium metal 
into various shapes and ingots suitable for extrusion. 

(o) Development of air casting techniques for beryllium metal. 

(d) Development of a technique for the extrusion of beryl- 
lium metal by use of an iron jacket oladding a beryllium Ingot. 

(e) Techniques for machining both eaet and extruded beryllium 

s 

metal. 
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(f) Methods of welding beryllium metal. 

(g) Development of pro 11ml nary methods of i orged beryl- 
lium metal. 

As has been meatloned previously, the quality of beryllium 
metal supplied by the Brush Beryllium Company under contracts 
1-7401 ing-60 and 3-22-076 Eng-10 was of a quality which could not 
be used for large scale nuelear application inasmuch as the impurities 
contained therein were of such magnitude as to increase the effective 
neutron capture cross section of beryllium beyond allowable limits. 
During 1948 a study of future long range requirements indicated that 
the use of beryllium metal in actual nuclear reactors was a possi- 
bility within the neat two or three years (Ref . §4) and, hence , plans 
were started with the Brush Beryllium Company for a special program 
of research and development to provide a new production process for 
the manufacture of extreme high purity beryllium metal* Hence, la 
Bovembor, 1946, contract 8-21-076 Eng-11 was entered Into with the 
Brush Beryllium Company to enable that company to perform development 
work for the Isnhattan District on a new process for the conversion 
of beryllium oxide to beryllium metal, which process would be designed 
to produce beryllium metal of such purity that the effective total 
danger summation of impurities would not be greater than 30 mil libera*. 
(&ef. 83, 66, 56, B7) Briefly, the development work was to be carried 
along the lines of converting beryllium oxide to ammonium beryllium 
fluoride in the standard way, the decomposition of the ammonium berylli 
fluoride In the feed end of a sublimation retort, and the subsequent 
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sublimation and condensation of the resulting beryllium fluoride to 
produce * beryllium fluoride of extremely high purity. Investigation 
was also to be undertaken as to the possibilities of effecting a 
reaotion between beryllium fluoride and magnesium in the vapor state, 
which if proved to be successful would produce a simple one or two 
step process for the manufacture of high purity beryllium metal from 
beryllium oxide* la addition, Brush was to undertake the study of 
other means of the benefioiation of beryllium-containing ores directly 
to the fluoride without passing through the oxide step. Thus it was 
hoped that a reduction of the cost of beryllium metal could be Effected 
by the development of an overall process for the direct conversion of 
beryllium in ore to beryllium fluoride, the subsequent purifi cation of 
the fluoride by sublimation, and the reduction of such fluoride to 
beryllium metal with aagnesium. 

By the end of 1948, considerable success had been obtained 
on a laboratory scale to indicate that the process being developed 
under the Brush program was successful, and plant had been started for 
the construction of a pilot plant which would Incorporate the develop- 
ments on a seal -plant scale and would give sufficient data on the 
operation of the new process to design full scale plant revisions to 
incorporate the new process. 

As a result of experimental work being performed on Clifton 
flake metal at M.I. I., it appeared that the flake metal,, *faen used in 
oertain fabrication processes, such as extrusion and rolling, imparted 
a greater strength as well as other desirable properties to the resultant 
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fabricated place. (&ef . 95) furthermore, it appeared that an addi- 
tional method of producing experimental high purity metal could be 
evolved by further development wrk on the electrolytic process 
for fabrication of flake metal. Therefore, with the approval of the 
Research Division at Oak Siege, Contraot w-31-109 3ng-19 was issued 
to Clifton Products, Inc. on November 19, 1946 in the amount of 
151,000 to enable this company to establish a development program for 
the development of a revised process for producing experimental 
beryllium metal flake by the electrolysis of beryllium chloride. 
(Hef . 50 , 51, 52, 157, 158) this program ens set up to redesign 
existing processes for the ohlori nation of pure beryllium oxide such 
that the chlorlnatlon of the oxide resulted in the reduction of the 
impurity content of the resulting beryllium chloride. Furthermore, 
the program aimed at the establishment of revised techniques for the 
conversion of the extremely pure beryllium chloride to pure beryllium 
metal flake without the contamination of the flake usually found in 
the electrolytic process. Since this contract was issued late in 1946, 
the results obtained by the end of 1946 were not sufficiently compre- 
hensive to enable any conclusions to be drawn. 
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HEALTH F/sCTORS 



Even before beryllium began to be manufactured in 
various form* on a large scale for the Manhattan District, it was 
known that many compounds of berylliua were hazardous, and for this 
reason special precautions had to be taken to protect workers who 
were closely associated with the production end handling of these 
materials. It was known, for example, that the compounds 80804, 
BeCljg and SeFg were considerably hygroeooplo, forming sulfuric, 
hydrochloric and hydrofluoric acids upon even contacts with small 
quantities of moisture such as are found on the skin* Thus, painful 
and injurious burns could be oaused by prolonged 00 at act with these 
injurious salts. It was further known that the inhalation of beryl- 
lium compounds had, in many oeses, a severe but almost unknown effect 
on the lungs of workers. Little was known, however, of the nature 
of the disease caused by the inhalation of beryllius fumes nor was 
information available as to the tolerance, levels below which exposure 
to dust and fumes of beryllium compounds could be tolerated. 

Effort was made at the various berylllun companies to protect 
workers by the installation throughout the plant of what was then 
believed to be normal, adequate ventilation of various areas of the 
production plant whloh appeared to give high concentrations of beryllium 
fumes and dusts. However, even with the precautions which were then 
followed many cases of "ohemleal pneumonia" appeared to occur in 
workers, especially after exposure to a high concentration of beryllium 

K.34 



fumes. Most cases were not reported to bo severe, and general 
rest over a period of two to three months seemed to be sufficient 
to *ffeet a complete cure. Occasionally, however, deaths resulted 
from euoh exposures. 

During 1946, beoause of the increased interest of the 
Manhattan District in beryllium, the Medical Division of the Madison 
Square Area, under the supervision of Captain 8. S. Aolf , began a 
thorough investigation of the beryllium health factors. Captain Wolf's 
group, working in cooperation with other interested groups such as 
the Massachusetts general hospital, the Ohio State Board of health 
and the Cleveland Clinic, began to uncover evidence which showed that, 
in addition to the obvious superficial types of beryllium toxicity 
such ae the ability to cause burns and rashes upon the shin and to 
cause a chemical pneumonia from exposure to large doses of fumes, 
there existed a more inaiduoue form of the disease, which form did not 
manifest itself until three to six years after exposure te beryllium. 
Furthermore, studies showed that the delayed form of the disease was 
far more serious than the overexposure type and resulted almost 

invariably in the death of the patient. Even worse, it appeared that 

i 

the tolerance levele at which susceptibility of the disease was evident 
were of a very low order and it seemed that in many cases prolonged 
exposure to very minute quantities of beryllium fumes could result, 
several years later, in the contraction of the delayed form of beryllium 
disease. By the end of 19*6 there was sufficient information on hand to 
enable a distinction to be made between the two types of beryllium 
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diseases aad tentative n 0 mes were applied to eaeh form. "Acute 
beryllium pneumonitis" wee the nasie applied to the disease resulting 
from a short exposure to e large concentration of beryllium fumes 
which disease reeulted usually, within a period of two to three days, 
in the contraction of Respiratory disorders of varying intensity. 
To the long range type of -Us obtained from a prolonged exposure 
to low concentrations of beryllium fumes, *hi*h resulted several years 
later in the contraction of serious and almost inevitably fstal lung 
disorders, the mm "ehronio beryllium pneumonitis" was given. 

8y the end of 1946 an investigation into the cause and 
nature of the disease was being undertaken by the Medical Group and 
studies were being atade as to means of determining the exact exposure 
tolerances of beryllium for the prevention of such diseases. (Eef . 108) 
In addition, work had been started on the means of treattnent of ouch 
diseases and a study had been started on improved means of ventilation 
and preventive measures which could be installed at the beryllium 
producers'/ plants and which would prevent the contact of the workers 
with beryllium fuses and dust. 
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rrior to the dropping of the first atomic bomb on 
August 6, 1946 ell activities of the Manhattan Knginser district 
were, of course, classified, and homo all interests of the Manhattan 
District in beryllium wore afforded Secret classifications. js.11 
contracts written for the procurement of beryllium and beryllium 
compounds, together with the specif lcatioas and quantities of the 
materials were classified leoret end the fact that the Manhattan 
District was purchasing beryllium compounds ens olessified Secret* 

Subsequent to the dropping of the first atomic bomb on 
August 6, 1946 and the liuraediate release of the Smyth, Report, the 
fact that the Manhattan District wee interested in beryllium as a 
moderator became known end hence this portion of security ess lifted* 
Furthermore, in spite of the fact that ft good portion of the facilities 
at the Brush Beryllium Company end Clifton Products was used to aenu- 
faoture beryllium for the aanhattan District, the general pleat 
processes used for the manufacture of this barylliua and beryllium 
products ware not considered classified, inasmuch as the processes 
used by each of these companies had, with minor except loos* been widely 
published in technical journals. 

In the latter part of 194ft and in 194ft, therefore, no attempt 
«*s made to conceal the fact that the Suuahattan District ens producing 
beryllium and beryllium compounds, but exaot specif lost ions, both 
physical and chemical, were classified as ware the quantities of material 
being produced. Zn addition, ae spools! production and fabrication 
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improvements and techniques were developed specifically la order to 
Toeet new and highly specialised requirements of the Manhattan District, 
these techniques were classified Secret, Thus, for example, when 
the Brush Beryllium Company developed for the Manhattan District a 
process for simplified sintering of beryllium metal, a process which 
gave highly desirable physical properties to beryllium heretofore 
unobtainable, this process was classified Secret by the Manhattan 
District and speoial precautions to safeguard the process were set up. 

Strict security neasures continued to apply to all produc- 
tion development progress and metallurgical development programs 
pertaining to the supply and fabrication of beryllium sinoe the large 
scale use of be ry 11 lias la the atomic program depended considerably on 
the success of these development programs, furthermore, the work 
being performed, and the results being obtained from these development 
programs were such as to give this country an apparent substantial 
lead in the use of beryllium for nuolear purposes and in many oases 
reactors and other devices could be built of a higher efficiency and 
specialised purpose by the use of beryllium, provided, of course, that 
beryllium could be supplied in fabricated forms of such purity and 
physical characteristics as the specialised use of beryllium required. 
Bence, the development programs on beryllium, set up to develop techniques 
by which beryllium could be manufactured and fabricated in the specialised 
forms, were given full security treatment by the Manhattan District. 
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CONTRACTUAL C OSaMITMEHTS 



In the beryllium program, through tho end of 1946, 
approximately thirty -eight separate contractual action* were taken to 
provide for the production of beryllium netal, berylliuai oxide, metal 
shape*, oxide shape*, and development work on production and fabrica- 
tion of beryllium and beryllium oxide. During the same period, ten 
separate prime contract* were issued and maintained in order that 
this work could be carried out. A summary of all contractual action* 
concerning beryllium is given in Addendum So. 4 and includes contract 
numbers, contractor's name*, contractual date*, value* and brief 
descriptions of the aoope* of work. 

Wherever possible, it en* the policy to have beryllium metal, 
beryllium oxide and beryllium shapes produced by the Manhattan District 
on unit price contracts. This was possible because there was suf- 
ficient production information on hand at the various producer* to 
enable firm prices to be quoted to the Manhattan District. lowever, 
because of the very specialised nature of the work involved in tho 
production, fabrication and development of beryllium, together with 
the security requirements, it was seldom if ever possible to issue 
invitation for bids. Therefore, whenever unit prices for beryllium 
products were quoted, cost breakdown* were made for each quoted prioe 
and were thoroughly reviewed and examined by Madison Square Area, in 

order that the unit price* quoted were substantiated in fact. Furthermore, 

i 

as production under these unit price contracts was Effected, oheoks were 
made on production cost* in order that future prioe quotation* would 
have up-to-date financial backing. 



In the oasa of. development and experimental contraots, 
wherever possible It was the policy to issue such contracts of the 
lump sum typs la ord«r that auoh administrative handling could be 
eliminated. However, whenever such lump sum contracts were issued 
for de7elopaeat work, prorieioae were made in the ooat raot to include 

downward revisions of ooats upon conclusion of the work in order that 

t 

savings in cost Effected by the contra est or during the course of the 
work could be realised by the Government. Xn the ease of the 
Massachusetts Institute of Technology developmental contract W-7408 

the work being performed was of such a varied nature and 
the work load was so unpredictable that it was virtually impossible 
to ascertain, with any great accuracy, lump sum amounts for which 
contracts should be written. Therefore, in this ease the work was 
performed on a cost-plus-overhead (no fee) type of contract, wherein 
all costs incurred by the contractor were directly reimbursed by the 
Government. However, in this case expenditures by the contractor were 
carefully scrutinised (and subject to approval) by the Contracting 
Officer. 
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Description of the Clifton Prooes* for Producing Addendum No. 2 

Beryllium Oxide and Beryl lima Metal 

As of December, 1946 

Beryllium ore is crushed so that it will past through a 
2 inoh mesh screen in a jaw e rusher and is ground dry in a ball mill 
operating in a closed oirouit with an air olaasifior. The ground 
produot is mixed with sodium carbonate where it is fed to an oil fired 
furnace, melted and then poured. The resulting frit is crushed and 
ground and then digested with sulfuric a old. The aulfated material 
is then dried In a rotary kiln. The dried product is passed through a 
hammer mill to break up any cake whioh nay have formed, and it is then 
added to water. The resulting liquor is oentrifuged and then clarified 
by filtration for removal of the silica. The filtrate is then concentrated 
by evaporation in steas- jacketed glaas-lined tanks and ammonium sulfate is 
added. After further evaporation, the liquor is cooled and ammonium alum 
la orystalllsed out and removed by means of a centrifuge. The liquor is 
diluted with water and sodium oarbonate is added to bring the solution to 
P&4* The iron is to be removed in this 'manner by precipitation as ferric 
hydroxide and subsequent filtration. The filtrate is brought up to pBg by 
further addition of sodium oarbonate with the resultant precipitation of 
pure beryllium hydroxide. Be (OH)}. The hydroxide is removed from the 
liquor by means of the centrifuge, dried and ignited in an oil-fired 
furnace to yield beryllium oxide. 

Clifton Products produoes beryllium metal in the form of flake. 
This is accomplished by first chlorinating beryllium oxide in the presence 
of oarbon. The beryllium oh lo ride is placed in ohrome-niokel-iron alloy 




pot a, where it is fused at high temperature with sodium chloride. 
The alloy pots aot as a oathode and a oarbon eleotrode serves as an 
anode. Current is passed through the electrolyte until substantially 
nothing remains but pure sodium ohloride. £he beryllium metal is 
collected on the inside of the pot in the form of flakes. 

At the present time, Clifton is capable of producing 
approximately 5,000 pounds of beryllium oxide per month* of which 2,000 
to 3,000 pounds now goes directly for corner ci a 1 use. The metal plant 
is not now in operation but could be set up within three to four weeks 
to produce 100 pounds of metal per month in flake form. Additional 
metal production capacity could be made available by increasing the 
electrolytic facilities. 



Description of the Brush rrooess for IVoduoing 
Beryllium Oxide and Beryllium Metal 

As of December, 1946 

Beryllium ore in the form of beryl is crushed to 2 inch 
mesh sise in a Jaw crusher. The crushed ore is then fed to a o arson 
brick-lined 110 volt AC electric aro furnace. The ore is melted in 
this furnace and is tapped therefrom as a glassy substance, which is 
then quenched in water from a temperature of about 2900°F. The re- 
sulting frit is dried in a kiln from where it is passed to a ball mill 
operating In a olosed circuit with an air classifier. The ball adll 
product is sulfated in a digester by the addition of hot sulfuric acid. 
The effluent from the digester passes to a Bird centrifuge, where the 
dehydrated silica, SiQj, is removed . The liquor from the centrifuge is 
essentially aluminum sulfate, Al^SC^Jj, and beryllium sulfate, BeSO^, 
plus minor impurities, notably iron and alkaline earth metal sulfate. 
The liquor from the centrifuge is transferred to aa evaporating kettle, 
and thence to a orystalliser where ammonium sulfate, (B&^gSOf, it added. 
The product in the orystalliser passes %o a centrifuge where the precipi- 
tated ammonium alum, HB4A 1(204)2, is removed. The liquor from the 
centrifuge becomes essentially beryllium sulfate, Be £04. The beryllium 
sulfate is evaporated and is passed through a filter for the removal of 
finely divided ammonium alum and oaloium sulfate. The filtrate is then 
crystallised in a tank and a pure beryllium sulfate is thus obtained. The 
beryllium sulfate is then calcined in a kiln to form beryllium oxide, BeO. 



If a pure oxide is desired, the beryllium sulfate obtained 
in the normal manner is dissolved in distilled water instead of being 
calcined in the kiln. This solution is then saturated with hydrogen 
sulfide, and impurities are precipitated or removed by filtration. 
The filtrate then passes to a glass-lined orystalliser and then to a 
centrifuge. The salt is then ignited In a batch furnaoe, resulting in 
the production of beryllium oxide of low iron content. 

To convert berylliua oxide to berylliua natal by the Brush 
method, snuconiua bifluoride, 8H4HF2, is added to beryllium oxide in water. 
The liquor so obtained is treated with hydrogen sulfide, both on the aoid 
and alkaline sides, to preoipitate impurities. The filtered liquor is 
then passed to evaporators where ammonium beryllium fluoride, (^84)} BeF*, 
is orystallized out. The product from the orystalliser is oentrifuged 
and the salts are then dried. The ammonium beryllium fluoride it heated 
in a gas-fired furnace where ammonium fluoride, RH^F, is driven off and 
beryllium fluoride, BeFg, remains as a liquid. This liquid is them 
allowed to solidify and is broken into lumps. The lump beryllium fluoride 
is then melted in a gas-fired furnaoe and reduoed with magnesium, resulting 
in the production of beryllium metal and a slag consisting chiefly of 
magnesium fluoride. The beryllium metal floats to the top of the furnace 
and is allowed to oool. The oake is remored from the furnace and broken 
into lumps for further processing. 

At the present time the Brush Beryllium Company is capable of 
producing approximately 15,000 pounds of regular grade beryllium oxide 
per month, or approximately 5,000 pounds of high grade beryllium oxldo per 



m oath. 3y th© end of January, 1347, it in arjtioip&fcad that the 
production of boryllium metal at Brush will be about 1,600 pounds 
per month. 



Description of the Beryllium Corporation Process 
for Producing Beryllium Oxide and Beryllium Metal 

As of December, 1946 

The ore is first ground in a ball mill to about 7Q% -200 mesh. 
It is then mixed with sodium ferrio fluoride and made into wet briquettes, 
these are heated for about one hour at 760°C. The reaction which oocurs 
is the following i 

3B«0U »« S FeF fl * 5 Ha«BeF* ♦ FegOg 

etched 

the alumina, silica, and iron oxides are not attacked upon. Only enough 
fluoride is added to react with the beryllium oxide content of the ore. 
After the baking operation, the material is in a sintered, easily ground 
condition. Grinding is performed in a wet pebble mill, the sodium 
beryllium fluoride is the only soluble portion of the sinter and is leached 
out with water at room temperature at a concentration of approximately 
3 grams per liter beryllium oxide. About 96% of the beryllium oontalned in 
the ore is put in the solution. The insolubles are filtered off and the 
solution is treated with caustic soda to precipitate beryllium hydroxide. 
Enough caustic soda is mixed with the solution to redis solve the precipitate 
and form a sodium beryl late solution. f his is then heated to about 86°C 
and more sodium beryllium fluoride is added with good agitation, the 
temperature being maintained until »11 of the beryllium is precipitated as 
hydroxide, this is then filtered in water, the filtrate being a sodium 
fluoride solution. The hydroxide cake is ignited at a temperature of about 
800 °C, which converts it to the anhydrous oxide. 




At the present time, raotal la produced in small quantities 
at The Bsrylllum Corporation in the following manner i Beryllium oxide 
la thoroughly mixed with ammonium bifluoride in nickel pans which are then 
placed within a oagnasiua-lined furnace end heated for 16-24 hours at a 
temperature of 450°C. The resultant beryllium fluoride is then plaoed 
in a gas heated furnace, heated beyond its melting point, and then 
reduced to beryllium metal by the addition of magnesium lumps. A change 
in the Beryllium Corporation process for produoing metal may be put Into 
operation within the next few weeks. This ohange would involve a con- 
version of beryllium hydroxide directly to beryllium basic acetate, and 
the subsequent fluori nation of this acetate to beryllium fluoride. This 
fluoride is converted to metal in the same sinner as desoribed above. It 
is expected, however, that by using the beryllium acetate intermediate a 
beryllium metal of much greater purity will be obtained than that being 
produced at the present time. It is also anticipated that beryllium basie 
aoetate could also be converted to a highly pure beryllium oxide. 

The Beryllium Corporation is not capable at the present time of 
produoing beryllium oxide meeting projebt specifications. It is expected, 
however, that within three to four weeks The Beryllium Corporation will be 
capable of producing approximately 600 pound* per month of high purity 
beryllium metal. Facilities for producing high purity beryllium oxide and 
additional metal could be installed within four to eight weeks after 
notification has been given to The Beryllium Corporation. 
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Addendum 3 



Contrast or 



Final Shipswmt 



mcmstm 


^aaafcity 


Source 


Furohasa Order 


Data 


&eryllia& Foader 


1 lb. 


Brush 


44286 


SswaiMr 3, 1946 


Ssrytlius Ozide 


20 lbs. 


Cli ftou 


44286 




aor/llisai "ulphate 


20 lbs. 


Brush 


44291 




Barylliua Gxyfluorlde 


5 lbs. 


Brush 






Bsrylliaa Ptmder, 










teehnloal grade 


1 lb. 


Brush 


47022 


$ov<ssaher 22, 1946 


3ERKSU2T 










Ssrylliua 


7,000 grass 


M.I.T. 


1-7406 £ag-176 


Septeaber 12, 1346 



ft2 SPAftf FUH3 



tMiryllige Oxide, 

fluorescent grade 130 lbs. 

Serylliua Orider* 

grade 100 lbs. 

3eryiliu& Cxi da SO lbs. 

Serylliuaa Oxide, 

fused, fluorescent 
grade, $0 assh 10 lbs. 

60 aesh 20 lbs. 

200 sash 20 lbs. 



Clifton 

Brash 

Clifton 



Clifton 



42942 

43001 
44099 



44201 



Cee«ab4»r II, 1946 

July 8, 1346 
August 22, 1946 



September 18, 1946 



Seryliiua Oxide, 
special grade 



200 lbs. 



Brush 



44241 



October 1, 1946 



Bery 114 ua Oxide, 

specially prepared 60 lbs. 



Clifton 



44333 



Soveaher ?, 1946 



Quantity 



Source 



laVA S?A.T k , COLLEGE 



Beryllium Oxide 
Beryl iiu» Fluoride 
Beryiliu* ?luoride 
3oryil turn Oxide 
Serylliua Oxia* 
Bsrylliua Oxide 
B#ry Ilium i laorida, 

anhydrous 
Beryllium Oxide, 

r«f ractory grade,, 

200 rash 
Beryllium Hydroxide, 

99.8S£ 
Sery Ilium Oxide 
Saryliiua Oride, 

refractory grade s 

£00 mesh 
Beryl* iua Oxide 
Beryllium Oxide 



100 lbs. 
400 lbs. 

SO lbs. 
900 lbs. 
100 lbs. 
110 lbs. 

260 lbs. 



225 lbs. 

100 lbs. 
$60 lbs. 



1,000 lbs. 
20 lbs. 
50 lbs. 



C lift ©a 

Brush 

Brush 

Brush 

8 rush 

Clifton 

Brush 



Clifton 

Clifton 
Brush 



Clifton 
Clifton 
Clifton 



wm msuco 



Beryllium Oxide 


2,000 lbs. 


Brush 


Beryllium Flake, 






(surplus ? matl.) 


100 lbs. 


Middlesex 


Product 68 (minimum 






assay 90^) 


75 lbs. 


Middlesex 


Beryllium Oxide 


4,000 lbs. 


Brush 


Berylliun Oxide, 






61 mesh 


&0 lbs. 


Middlesex 


Beryllium Flake 


100 lbs. 


M.I.f . 


SS#ti£ IS. 1 ' lW * 


200 lbs. 


Middlesex 

M.I.T. 



Coutr&ct or 
Furohase Order 



Final ihipaaent 
Date 



28192 

29124 
W-7401 *»g-60 
tf-7401 iaag-78 
A-7401 S5 



€3179 



August SB, 1944 
November, 1944 
October 9, 1944 
1944 

March, 1945 
July 7, 194S 

January IB, 1946 



43906 

43906 
43738 



July 12, 1946 

July 12, 1946 
September 26, 1946 



44101 
28064 
36646 



December 4, 1943 



fc-7401 hug- 78, S6 

Middlesex 

Middlesex 
i-7401 £og-?8 

Middlesex 

Middlesex 
W-7406 ing-176 



April 9, 1946 

September 26, 1946 

Botrember 8, 1946 
1946 

January 29, 1346 
April S, 1946 

tt: m 



- 3 - 



Quantity Source 

NB» MEXICO (coofciaued) 

Beryllium Met&l 6,000 lbs. Brush 



Contract or 
Purchase Order 



i'ia&I Shipment 
Date 



36612 ,l»y 16, 1946 

36911 (Satteile) 
TS-7401 Kng-60, S8 
fe-22-075 Esg-lO 
ft-22-076 Bng-10, Si 



Quantity 

KOstron cottar, cami* 



Source 



derylliufa Oxide, 

60 aesh 235 lbs. ^icdissoA 

B^ryllius Oxide 4 

200 !R©@fc, Clifton €0 lbs. Cliffcon 

fluoresoert grade 

Berylliua Oxide, 

batch mixed, Brash 

3. P. grade 600 lbs. Brush 

Serylliua Oxide, 

dittos* grade 2 GO lbs. Clifton 

(Serylliua Oxide, 

&rush, G.C. Brush 

Bery Uitim Oxide, G.C. £00 lbs. Brush 

Beryllium Oxide, 

Brush, S.G. 200 lbs. Brush 

Beryllium Oxide, 

tensified, fluoresoent 1-3/* 1*=*. Clifton 
Bary Ilium Oxide Blocks 12$ lbs. Morton 



Beryllium Oxide, 

fluorescent grade 30 lbs. Clifton 

Barylliua Oxide Sables 

G.C. 12&Q°G SQ lot. Brush 



Contract or 
Purchase Order 



Final "hiptnent 
Date 



Middlesex 
4SMG 



ZabrwkTf 11, IMS 
siarch 12, 1946 



4uol2 April 13, 1946 

43726 May 31, 1946 

43727 June 14, 1946 
44456 October 13, 1946 

47012 October 13, 1946 

47107 Soreaber SO, 1946 
47235 (fabrication 

only) December 3, 1946 

47187 Eaceaber 17, 1946 



47331 



yecoaber 17, 1946 



Source 



Contract or 
Purchase Order 



Final Shipment 
Date 



CIICAGO 



Beryllion fluoride 
Bsryili'jsa Oxid« 


BOO lbs. 


Brush 


1-7401 Smg-60 


March 29, 1946 


300 lbs. 


Brush 


&-7401 Eag-78, SS 


March, 1946 


Beryllium Oxide 


1500 lbs. 


Brush 


<S-740l Ittjf-78, S7 


September 6, 1948 


Product 68 


200 lbs. 


Middlesex 


Middlesex 


October 17, 1946 


Beryllium Oxide, 










GC gradw 


60 lbs. 


Brush 


4296* 


hoTember 19, 1946 


Beryllitts Oxide , 










f luoreseemb grade 


SO lbs. 


Clifton 


42966 


Somber 19, 1946 


Beryllium Oxide, S.P. 


60 lbs. 


Brush 


43163 


January 8, 1946 


8*rylliv» Kuggetx 


SO lbs. 


Middlesex 


Middlesex 


January 11, 1946 


8*ryXiitt* Oxide , 










metal grade 


§0 lbs. 


Clifton 


43162 


January 16, 1946 


Beryllium Oxide, 






42873 (Supl. 8 to 




hi-fi red 


2,000 lbs. 


Brush 





Bsrylliuat Oxide, 

60 mesh (sample) 2 lbs. 

Froduot 86a, B, C,D 60 lbs. 
Beryllium Mstal, 97. 

(Froduot 88} 100 lbs. 
Ssrylllum Oxide, 

fluoreseeat grade 10 lbs. 

Beryllium hydroxide 2 lbs. 

Beryllium Sulphate 6 lbs. 

Beryllium Bit rate 10 lbs. 



Middlesex 
Middlesex 
Middlesex 
Clifton 



Clifton 
Brush 



Contract Mb. 
W-7401 Sag-78) 

Middlesex 

Middlesex 

Middlesex 

43697 



43476 
43474 



January 26, 1946 
January 29, 1346 
April 29, 1946 
May 3, 1946 
May 7, 1946 

May 19, 1946 



quantity 



CHICAGO (contiausd) 

Product &B 

Beryllium Oxide, 

hi-fi red j refractory 

£*-4>ryllium Bit rate, 

Mixture 36J3, adnimum 
nitrogsa coats ist 42$. 

SerylXiua Oxide, 
-s rade 



Seryllluaa Oxide, 

Brash fused, special 
grade 200-325 amah 

Beryllium Metal 



Sery Ilium * luoride 
Beryllium Oxide 
3b ry ilium ilitrate, 
fixture 460 

Borylliua Blocks 



100 lb*. 
200 lbs. 

10 lbs. 

30 lbs. 
1 lb. 

200 lbs. 

SO' lba./iao. 
thru 12/46 

200 lbs. 
200 lbs. 

9b lbs. 

2,000 lbs. 
to 

5,000 lbs. 



Middlesex 

Clifton 

Brush 
Clifton 



Brush 
Middlesex 

Brush 

Clifton 
Brush 



Contract or Final "hipaeofc 

Purohase Order Data 



Middlesex 
43728 



June 4, 1946 
June 5, 1£46 



43912 

440S9 

4410G 



August 13, 1346 
August 22, 1946 



47013 

(for grinding only) usvember 22, 1946 



Middlesex 

3-7401 Ssig-SO 
35263 

1-31-109 £ag-18 

ts.22-075 uk&~12 



Deceaber, 1946 



January 15, 1947 
auly 10, 1947 



- 7 - 



bourse 



CLIETOS LABORATORIES 

8eryHi«a Sob* re, 
solid w/rudieL3 
about 4f" 

Boryliiuia Oside 
GO 

SP 

Fluoresced 

Berylliua Metal, 
©readtm grade 
technical grade 



1 lb. 



5 lbs. 

6 lbs. 
6 lbs. 



100 lbs. 
100 lbs. 



Hruah 
Brush 
Cliftoa 



Brush 



Beryllium Product S8P, 

high flux 75 lbs. Brush 

Beryllium Metals 

(mi*, assay 86^} 500 lbs. Middlesex 

Berylliua Oxide, 
pure, 60 eaahj 

high fired SO lbs. Middlesex 



Contract or 
Purchase Order 



Final Shipaent 
Cptte 



W-7405 iiiig-175 



44434 

44495 



July SI, 1946 



Ibveaber 18, 1946 



71-22-676 Ba^-lO, S6 Bsoeaber 31, 1346 



42686 
Middle esx 



septeaber 20, 1945 



Ootober 22, 1946 



Middlesex 



January 23, 1946 



Quantity 

MTaULE (ooatiKued ) 

Berylliua Setal, VC 100 lbs. 

Beryllium tfetal 116 lbs. 

H4SSACatfSEITS IKSTITBBB QF TECHNOLOGY 

Beryllium Oxide 

325 swsh Clifton 100 lbs. 

20 aesh 50 lbs. 

Surplus Fluke Berylliua 300 lbs. or 
(V asatoriRl) sore, 348 

Available) 

Product 58 t lump 100 lbs* 

Beryllium Sulphate, 

anhydrous 10 lb a. 

Virgin Light fcefcal 

Suggete (88) 5,000 lbs. 

Serylliu* w xide. Prod. 48 

Type 5 60 lbs. 

60 aesh 50 lbs. 

8 mesh 25 lbs. 



Brush Lump Metal 



400 lbs. 



Contract or 
fur chase Order 



final Shipment 
Date 



Middlesex 
36812 

43021 
43022 

Middlesex 

Middlesex 

43062 
Middlesex 

43263 Brush 

43264 Clifton 

Middlesex 



October 16, 1946 

October 6, 1945 
October 10, 1946 

fcoveaaber 20, 1945 
December XO, 1943 
January 11, 1945 
February 1 3 1946 

February 4, 1346 



4 



- 9 - 



,iA.3S-.Sifi}£y:ggS laSTITOTO OF K5CSBOIOG* (continued) 



serylliita 

Limp Metal, highest 

quality ISO lb®. Middlesex 
Flake Metal, 99% 35 lbs. Clifton 

Flake Metal, 9$£ 27 lbs. C lilt on 

bsryllia Crucibles 

Standard Brush BeO 5 Ids. Brush 

Bortoc fus-sd Brush BeQ & lbs. 

Seryiiiuai Oxide 50 lbs. * Hi ton 

Product 4a, £ ype 6 150 lbs. Brush 

6° dia«eter Sod, not 
less than 4* or 

greater then 8*> 1 lb. Brush 

Product 48, fype 6 
Sigh-fired froa 

i-;'. grade, 325 mash 150 lbs. Brush 

Beryllium Oxide, 3 sash, 

refractory grade 50 lbs. Clifton 

Beryllium Oxide, GC, 

(Norton Grade) 10 lbs. Briish 

Product 48, type 6 ISO lbs. Brush 

Process Q Scrap 26 lbs. Cnioago 



Contract or Final *>hi?se&t 

Purchase Or<ier iia&e 



43293 
43293 

%3«*5o 

4o594 
4M62 

43947 

44102 

44402 

44496 
438/4 



«iar«h 7, 194S 

ipril 22, 1946 

Jscj i, 1946 
May 9, 1946 

July SI, 1946 

oept&sber 26, 1346 

aovtaaber 1, 1343 

Sovaaber 21 , 1946 
September 26 , 1946 
i»0V6fuber 27, 1946 



Quantity 



Source 



MASSACHUSETTS IiKSTITOTlB OF ffcCaSOLGGY (continued) 



Beryllium Metal 



Process Q Materiel 
2* z 4" 
|" x 4" x 4" 
3/8" x 4" x &* 



100 lbs. iasssd. 
100 lbs. monthly 



Middlesex 



20 lbs. (powder) Bruah 
6 pieoes 
6 pieces 
6 pieces 



Contract or 
Purchase Order 



Identification Uo. 
LST-20 



44242 



Final Shipment 
D»tt- 



December, 1946 
February 28, 1947 



Brush Seryiliuai Oxide 



gO lbs. 



Middlesex 



Middlesex 



OSKSiUL BLECTSIC, SCBEinaiTADT 
Beryllium Oxide, 

high-fired 100 lbs. Clifton 44480 Hoveaber 11, 1946 

Beryiliiat Oxide. 

lew density 10 lbs. 

Beryl Ore 10 lbs. 



P oafc ra cto r 

braab, Beryllium 
Soapaay 




Addendum No, 4 



jjterylliug Coutr&ct Bats. - &M^ttan g^jeot, Beryllian Brooch 



Oontrac.t 
tf-22-075 eag-10 



w-»7**01 en£-7& 



« 

l! 
M 
B 



s.i 

S.2 
5.3 



iiffoctiTe 
ifoatract Bate 

«*uly 9, 19U5 



Value 
*193.000 



Oct. 17, 19**5 
July 9, 
i^rll 5,1«^6 Sane 



0^5,000 additional 
#7*89* 



0 



3.1 
3.2 

SO 

s.4 
s.5 
e.6 
s.7 

(3.8 

(s.io 

S.ll 
S.12 



Sapt. 1% 19^3 $16,200 
Dec. 27 » 19U3 ^257.30 
iiay 5» I9W+ 



12.19UH 



Sept.1,19^ 

Jan.i9.i9H5 

23.19^ 
July 11 ,19^5 
aw. s, 19*15 

Feb. 1, 191*6 



$9.1*06 additional 



( lsbur*ed 

(3.^5-29 
£6,780.32 

29.725 
#10,250 

$19,987.50 
$8,581*50 



Scobs 



Pircheee or nanufacture of Schedule A 
equipffleat. fesufacture of ^39° 
of .Be aetal. 

Haiees total Be to be manufactures! to 
5570 loe. 

Additional Schedule A ecuipasent 
(aae&dmemt of basic contract). 
Provides for rental pj^Tjieats on 
government- owned facilities. 

Jm- chase of 701.52 lbs. ef re^oli^d 
Jo sfctfai from Be metal supplied by 
Government. 

For aaintaiaing Schedule a esoirKKTit 
on standby baeis. 

fenufacture of kOOG lbs. of BeO. 
Provides for overtime labor. 
Purchase of 1256 additional pounds 
of BeO. 

lovexnafcat sold ta ccatr&ctor 66? lbs. 
of BeO. 

Purchased 1000 lbs. b*0 
rur chased 2900 lbs. BeO 

w 1000 lbs. BeO 

" 1950 lbs. BeO 

1^30.25 lbe. fused BeO. 

Production of 5,000 lbs. 06 BeO. 
Production of 5,000 lbs. SP BeO* 



Beryllium Contract Baifc a 



'Effective 

Coatrt-ctor Contract Contract aato 

Brusa BeryUims ^7^01 eng-60 Aug.- IS, 1943 

" * S.l May U. 1944 

" " S.2 Sept. l.lS^t 
« * S.3 Sept.U,19^ 



R * s.6 



Jam. 17.19^5 
-Mar. 30,19^5 
Apr. 2M9**5 

July -6, 
July 27,19^5 



¥-22-075 eae-ll 



Uov. 6, 19U6 



Project. 



Beryllium Branch ( Continued) 



V&lue 
*89.0O0 

Hone 



^5,500 
^,708 

lone 
$66,975 

§52,000 



M*nuf&ciure of 2000 lbs. of Be metal and 
100-200 lbs. of BeFg. 

Provisos for rental of Government 
facilities. 

Allows Contractor to assign rights to bank. . 

Basic Contract amended as follows: 
Purchase of IS30 lbs. (max.) Be lump. 

16-20 lbs* of Be billets 
100-150 lbs. of Be billets 
100-200 lbs. of BeF 2 

1000 lbs. impure Be metal 

1500 lbs. of Be metal 

15 pieoes each of Parts ^l.^ga- & jSS 

(Be-iil fabricated shapes) 
lb pieces of Be-Al fabricated shapes 

Restoration of Prajnl ee Clause added 

1500 lbs. of Be Metal 



fieseareh and development work on the 
production of hi-purity beryllium metal 
by reacting BeO with ammonium bifluoride 
and reducing the beryllium fluoride thus 
foisted with a&jgnesima to obtain the 
hi-purlty metal. 



legyXllm Ce&feftct Bata .- Manhattan Project. Berylllun Ifratu sh (Continued) 



Contractor 

Brush. Beryllima 
Goajp&ny 



.jfentract 



Effective 

Contract Date 



falue 



Kay 2, $*tQ0,Q00 



Purchase of k^OOQ lbs. of berylllos sretal 
blocks fabricated by powder aetallurey. 



Clifton Products, Inc. *«31-109 aag-lS 



w-31-109 eag-l? 



July 10, 19*46 

S.l Oct. 9, 19U6 $10,500 

Sov. 19U6 *3.500 

Hot. 19, 191*6 $51,000 



100 lbs. Berylllwri Bitrid* 
120 lbs. Beryllium Mtride 

500 Ibe. BeO, refractory grade 

iiesearch and Development of a low cost 
berylliusa of extreme purity. 



Msssaaahusetts W-JU05 eag-175,S.l 

Institute of 'ifeckaeXegy 
(Bsfinitive contract 

act prepared in « * 

Mfedison Square Jsraa) 



S.2 



s.3 
s.5 



May 1, I9I+3 

Jan. 1, 

July 1, 19^4 
July 1, 19^5 
March 15, 191*6 



lot to exceed 
|£O,00O 

Increased to 
^312.200 

Increased to 
a,032,50o 

Increased to 
$1,600,000 



Conduct studies and experimental Investiga- 
tions la aetallurgy on a cost plus overhead 
basis*' 

Conduct studies and expertaeatal Investiga- 
tions is metallurgy on a cost plus overhead 
basis. 

Conduct studies and experimental investiga- 
tion* in Metallurgy on a cost plus overhead 
basis* 

Conduct studies and experimental investiga- 
tions in metallurgy on a cost plus overhead 
basis* 

Scope of vork Increased to covey the furnish- 
ing of personnel to render services in 
CQ»aecti.>a with the "Crossroads Project. - 



Beryllfroa . Contrset^Siftta - Mai&atton , fro 3 eat p _ Beryllium -Braatoh ( Sent i nued j 



effective 

Contr&etojr Contract Contract Date Va2.uc Scope 

Faastesl metallurgical ¥-7425 eag-27 23, Production of 7?0 BeO bricks froo 

Gospany ) ij&H»20O Brush 80 oxide by hot prees process 

* * S.X } Brisks to be y x 3* x 6* 



Addendum No. 5 

Brash Beryllium Company Contract; ¥»?2«075 eng-10 



Definitive Contract ;/»22-«075 eng-lo with inrush Beryllium Company 
was signed September 21, 19^5 and called for a total quantity of 
2195 ualU (2 lbs. a 1 unit) of Product 58 and/or Product 99* 
Price was stated as $88*90 per unit for Product §8| 383*20 for 
Product §9. (Products 58 and 59 are Be Metal.) 

& summary of important oorrespondoneo pertaining to the contract 
follows t 

Ho. 1 September 8, 19^5, Menormdioi to Files from J. Ptnkston, 
Senior Engineer, subject "future Supply of Be Metal** 
states that supply of aetal to le dependent upon 

one company whose business foundation appears shaky and 
whoso price le high due perhaps to laeffioisney and 
large overhead* At tho tine Brush has an outstanding 
order for 3,000 lbs* at approximately ShJ/lb*, which 
should bo filled by Maroh 1, 1$*6. 

Ho. 2 Oetober 13, 19**5, Major Qreager to B # Kjellgrea (Brush) 
sets up a netted of paying for Be aetal according to 
analysis* 

Be. 3 October 18, 19^5, *• W. Bass (Brush) to 8. B. Bebeff 
etatee that contract called for ^390 lbs* Be, of which 
1042 lbs. had been shipped, plus 1000 lbs, la process, 
leaving 23HJ lbs* subject to tshange lh prioo, 
specifications, etc. 

m* k Maroh 8,. 19U6, 0. B. Sawyer (Brush) to Major Kelley 
states that Brush can produae 1200 lbs. /month premium 
grade (99$) Bet approximately 2000 Ibs./month for 
Product 88 (Be metal in lump form). Premittw grade 
could be raised to 1500 in H to 6 weeks f qtwfces price 
of #55/lb* for premium grade. States that contract 
Eng-10, Sapplsmeat 1, Is asking completion* 

%• 5 March 15, I9H6, Lt. Col. KeUey to P. H. ilelaore, 
designates P» H. Belmore as duly authorised repre- 
sentative for Bng-10» 



i >'0 O 6 



Jogust 21, I9U6, H, fiobb (Brush) to Copt. Soboff, gives 
bid on wrecking A»K.C. installations at Ghester Ave. « 
awarded to Broadway Hoasewreeklag Company for $6f% 



M Mir 



Brush Beryllium Company Contract W-fhOl ong-60 



Brush Contr&ct w«»7l<01 enc-6o provide* for production and supply 
of Be aetal and berylliua fluoride (BeFg) . Supplement* call for 
Be biliete, barylliua-alUBlmia alloys, etc. '?hla contract has been 
consolidated* 

porresrandcncei 

k sws&w# of Important correspondence pert&ining to the contract 

follows s 



.H efereace 

iO. 7 



..Jo. g 



5©. 10 



Mo. U 



Ho. 12 



M6. 13 



July 3, 1^3* ffi^ao It* Col. Greasae*, Corps of 
^nainsers, to Col. It. a. Sichols. Gives requlre- 
aents for Be for British and Cnnadian Government. 
State* that at prevent Brush is only producer of 
metallic Be and has a capacity of **00»500 lbs. /month. 
tyi/lb, tor lump and #55 for reeast metal. 

August 9, 19^3, memo to Lt. Col. Cornell from 
Major Kussell, Corps of Engineers. Xequect* 
preparation of UP contract for supply of 2000 lbs* 
Be and 200 lbs. BaFg. 

September 6, 19^3» memo to Mr. Levin (Legal Section) 
from It. Col. fiuhoff, Corps of Engineers* Desire 
to purchase 1*075 lbs*. BeO. Delivery of total by 
November I9U3 at #*.05/lb. 

.August 7* 19^3» Henderson, Chief, Be "eotion, 
Minerals Bureau, to Br. Sawyer (Brush). Gives 
authority to inorease prodnotlon fron present 350 lbs. 
per sonth te 600 lbs. per aonth. 

Jebruary 25, igUh, Major fluseell to Brush Beryl Htm 
Company. Gives shipment* of Be (type a) metal to 
February 10, l$kk as k0}.2$ lb*. 



March 30» 19 1 * 1 ** to Major Graenetein from Frank 

Zeitlin. Provides for M0#/lb. credit for all metal 
produced In gov«raneat«owned facilities. 

Beeeober 8, l$*k t Gapt* Chapman to Area iagiaeer, 
Madison Square Area, Attention Mr. *"rank Seltlln. 
31 res Be estimate* for first tvo quarters of 19^5 
as 2500 Ibo. BeO, 5200 BeV 2 , «nd 1500 lbs. Be, 



Afkl 



Brush Beryllium CoBp.uny Contract .v-7U01 eng-60 (Continued} 



Inference Jfrcriition 

Ko» lU December lU f 19W1, Frank Zeitlin, Principal Bngineer, 

to Gapt. Becker* wrivee summary history of contract. 
Explains that utilisation re<-uii resents changed after 
tiding; of contract m that rapid deliveries ar© no 
longer required. In addition, Brush had trouble ia 
moating specifications, and certain changes in 
specif lost ions covering part of the material were 
modt. At the present time lass theft one-half of the 
contructuul quantity hue "been shipped," ffae contr&et 
was written at the request of the Chicago irea. 

Ho. 15 February 15, 19*15, Frank 2eitlin to flr. Sawyer {Brush) • 

; equsate quotation for 200 Ids. Be imp metal per eonth 
for five or six souths ia &Ml tion to that tinder 
Uontruot &ng»60» 

iio. 3.5 March 7» 19^5» weao P. Soitlin, Principal Ingineer. to 

liijor Kelley. states that production at 3m sh is about 
125 lbs. /south stetal, 7 00 lW/*tonth high fired aside, 
plus large amounts of Tmfn' Cur reejoiressent of 200 l*s. 
Bel*g per uonth is boing filled, but metal rate is too 
suall » 

So. - 17 tfaroh aS» jsoao to Files from John ?. Pinkstoa, 

Senior Uheatlat. explains that resulting Is necessary 
to produce metal, but 96$ astal can be produced 
without renelUng. 

So. 16 iferch 29, 19*+5, *»'• ".eitlin to Chicago Area Engineer. 

•States that present production rate is Ibs./raonih. 

to. 19 «?uly 21, 19H5, mam to Files frm 1% Seitlin, subject 

"Be inquires} ante"* Mats nev Be reojair««snnts and states 
that expansion of Brush's facilities now in progress 
will increase production to 1500 lbs* /month. 

ho. 20 October 29, lit. Roboff to Qa.pt. Becker (seme). 

Bequests consols dot ion of contract us contractor .has 
completed obligations. 



Brush Beryllium Company Contract ¥-7M01 engrJB 



Contract! 

Brush Contract 'd-fkQX eng-'/S provide* for production of beryllium 
oxide {tt&G) In various grades and amounts* 

A summary of important correspondence pertaining to the contract 
follow*: 

aefcrcaqa, Inscription 

Ho. SI September 6, 19^3, memo Major H&riloek to Capt. Sp&ulding, 
.allocation of 8«0. ttequeet for Wf$ lb*. BeO, Grade 00. 

Ho. 22 October 15, 19^3, Mnjor Jtuasell to l>r. Sawyer (Brush). 

state* that production of 00 oxide in lte normal fora 
is at the rate of 300 to 400 lbs/veek. 

Ho. 23 October 22, 19*0, ae»o to filet froa Major 2ussell, 
<5orps of Knglneert. Concerns the present position 
regarding prooureaent of BeO. states that the only 
fira requirement thus far is for kOQO lbs. of 00 oxide - 
delivery by Jfev. 30, I9H3. If high-firing or molding 
is required, oontaai nation resulting aay allow use of 
lower grade SP oxide. Absolute maximum production of 
00 grade oxide is 950 lbs. /week; for SP oxide, 
2000 Ibs./week. 

i»o. 2^ Soveaber 27, 191*3, Major Kussell to Mr. Kleteher (Brush). 
States that all 00 oxide produced la the future under 
&ngrj$ is to be high fired and ground. 

Ho. 2$ December 3, 19*»3, Major Hussell to Mr. Fletcher (Brush). 

States that Brush hei practically completed production 
of oxide under fcng-78, and that hi ^-firing of the 
oxide will start and continue at a rate of 700 Ibs./week 
until the 4000 lbs. have been so fired. The fired oxide 
will also be ground and acid washed* 

No. 26 January 6, 1^ ( Mr. netchcr (Brush) to Major Bueaell. 

States that losses in firing are much greater than ex- 
pected, and antlclp&tes a revision of contract to meet 
increased costs. 



Brush. Beryllium Company Contract w-yUoi eng~7& ( Continued) 



smtefipxipm inscription 

l*o. 27 March 18, l$hk t iir. Fletcher (iruah )to Dr. 2eitlia. 

(Hvea breakdown of costs incurred in production of 
^362 lbs. high-fired oxide. Jast per lb. is stated 
to be 3.62/lb. but this does not include any profit 
figure* 

Ko* 24$ April 29, raeeo to Legal Section from Static ^eitlin* 

Requests preparation of a eupplemont to 2ng-7* to Authorize 
purchase of various quantities and grades of SeO. 

29 September 5, 19^, p. /.eitlin to Area Bnglaeer, Chicane 

.<»ree>. iivee prevailing prices of high~fir«d SeO. Prices 
rang© from v6»25/lb. for -J?0 mesh to *lC/lb. for ~3?5 »eeh. 

to. jO October 10, 19^, p. ~»itlin, mm to files, Jixpleine 

that majority of cric-e vsa* sent to JPansteel Metallurgical 
Corp. for fabrication into sintered ohapee. Supplement 
Ho. 3 pewits aale to Brush of unused as well m scrap 

h&Q. 

Ko. 31 January 8, I9U5, Frank Howieton (Brunh Comptroller) to 
JJr. -Seitlia. Suggests $10*?5/U>* *** * he price for 
2800 lbs. SeO proposed in Supplement Fo. 5* 

32 July 4, 19^5, aemo to Capt. Hooker from P. Seitlin. 

States that contract Kng»78 w^a ooispleted arprexifflately 
flay 15, 19^. 

Ito. 33 July 13, I9U5, nemo by F. "eitlin to Leg^l Section* 
Ho<iueets preparation of Supplement He. 7» 

ivo. ih August 31, 19^5, Bengt Kjellgren (Vice Free, of Brush) 

to Dr. £eitlin. Agrees to accept a contract calling for 
1000 te 1500 lbo./aonth of hi^h-f ired.3«0 at #S«50/lb. 
r'or orders loaa than 1000 lbe./nonth, the ?>rice vi.ll be 

;;io.29/ib. 

Ho. 35 'October 26, 19**5, Bass (Brush's Sales Manager) to 

X>t* Boboff. iiefer* to proposed supplement to n^JB for 

lbs, MO &nd proposes plan vharetiy tforton Oo«pany 
yould fuse the oxide end reduce to »<?sh« 

iio» 36 <Hov«aber 9» 19^5* «eno J»t. Koboff to 2«e;j*l Section. 

State* that Supplement Ho. S is being extended and 
provides for further production (1516 lb». ) of BeO. 



Brush Beryl Uun Gottpoajr Contract <~~fhOl «ng-?g ( Continued) 



*. 3T 
Ho* 38 
No. 39 

No. 1*0 
So. kl 
Bo. ^2 



Description, 

January 30, 19^6, K. w. Baas (Brush) to Mr. Belaore./ 
States that 6x0 «pt for S& loo., Hippies ant So. 8 has 
toon filled. 

April M9**6, 3. Beee (Amen) to Lt. nshe* f U. S. 
Engine «rs Office, states that Suppleaeat So. 10 bae been 
signed* 

ingttet 2G # 19*t6 ( S. tf. fiaos (?rush) to fir. Oliver SUn?oon t 
Metallurgical Laboratory, Chicago* Conceme a 5000 lb* 
order for rotary fired BP BeO for A 0 Spark Pint Oonpanjr. 
States that basic price is #3*lK>/lb« 

Septeaber 30, 19**6» aeao by Mr. B. Korie (ftroduetioa 
Branch) te Legal Section* Bequests Supplsnent Bb. 11 
be prepared. 

Decenber 2, 19M> # J. S. qnlaor to fir* Sawyer (Brush). 
States Mr. Belaore is delegated representative authority 
for lng»7 s * 

Dseeaber 19, 19M» t neno by Mr* X. Korie tc Legal Section* 
Requests preparation of Supplenoat So* 12* 




Ada. S.G 



Clifton Produots, Inc. Contract W-31-109 0045-16 



Oontmot l 

Gontr&ot W-31-IO9 en^-lG vith Clifton Products, Inc. is a research 
and developaent contract to develop a low cent beryllium of estreat 
purity. 

Gar f eapondaace f 

vi»» following eorrQapondaaco pertains to this contract! 
Heforoftos ' i*»gris>*,*?B 

Ho. hj July 3, Solmore to Mr. indeelcer (Clifton). 

Henueats that a modification of a prorioua proposal for 
a research iind (tevelopaent pro&rm he submitted. SPhis 
program would andea.Tor to produce highly pure Bo aetal 
at lov cost. 



Clifton Products, Inc. Contract V-31-log «ag»l$ 



Oontrac|j 

Contract W«51~109 eng-lS with Clifton Products, tno. provides for 
production and amply of beryllium nitride. 

Oorrespoadeaoei 

a suwary of important correspondence pertaining t© the contract 
follow*: 

lleferoacj B DosorloUea 

f?o. kk July 11, 19^, F. M. Selmor* to K« ?• HeOown (Glifton}. 

States that Contract 3Swg*lg Is beia* Is mod to Clifton 
which provides for production of 100 lbe. of Mixture 36Q 
(beryllium nitride) at *»7.5Q/l». 

Ho. ^5 July ig t 19**6, mono by Gapl. Setoff to Legal Section. 

Explains that the Government will furnish Olifton with 
high purity Be metal (Product Hi) for the production 
of the high purity beryllium nitride (Mixture 36c) . 

Mo. H© August 8, ?. M. Islmore to Mr. WindMker (Olifton). 

Gives suggested specifications for beryllium nitride, 
and points out that since 31, Hg t and &1 tolerances are 
high, (1$). refractories of i%0, AlgCh, imd r>10 g are 
permissible* 

llo. August 26 ( 15^6, mtio a. Horie to Mies A. Ro duett. 

Bequests fiscal clearance for Supplement Vo, 1. 

So. December 12, l$U6„ Mr. H. a. /.nderson, Deputy Advisor 

on Patent Matters, O.S.fl.3. to I*. M. Belmore. States 
that a type 0 patent olause will be incorporated into 
iSngwiS, 

Ufa. .December ?J* 19**6, r.e?o to Legal faction from B. 

Morle. Requests preparation of Supplement 3k>, 2 to 
Bng»18. 




Clifton Products, Inc. Contract W-3I-109 «&f-19 



Uontrao.t » 

Olifton Products, Xno. Contract tf-31-109 enf-19 provides for 
production aad supply of refractory grade beryl Hub oxide (BeO). 

3orre»^nd#»co| 

a ausnraary of laport&nt correspondence pertaining to th« contract 
follows: 

inference awtioription 

No. 50 iSovember 29, 19*^ # memo by Ool. 3«®ler to District 
Hnuinser, Manhattan District, requests approval to 
sward Contract £ng-19 *° Clifton Products, Inc. for 
300 lbs. BeO «t $7.00/1*. 

Ho. 51 Beoenber 6, 15^6 , Mr. Bentenbaea to Area Engineer, 

Madison Square JWrea, approves award of Contract 3ng~19 
60 Clifton Products* Inc. to furnish BeO. 

Ho. 52 January 7, 19^7, »ea© froa H. Horie to A. 0* Hodnett 
(Contract Section), requests preparation of Supplement 
Ko. 7 to ifec-19. 



Brush BwyiiiuB Oonpany Contract »-2?-G75 *ne>ll 



Contract! 



Brush Bflrylliura Sontmct «/-;?2-075 «aa>H 1« a r*»soareh and 
M-veiopment contract porVuiiune to the production of hifjh purity 
Jie metal by Means of reaction beryllium oxide (Bfed) with au»;Eoniu« 
bifluorlde OttfyKrg; and reducing tiia resulting yeryllluia fluoride 
UieS^/ with as&gneaius (Mg) to (give metal. 

Cory»aaoiMi«awn 

a summary of iwport«*nt correspondence pertaining to the contract 

follower . 



Mo. 53 April 10, 191*6. C. B. Savryer Urueh) to Cap*. Amu* . 

Manhattan District. <3ivea a suggested plan for production 
of high purity Ba. Qufclinwa Process Yoeaea X, 
Proeeas 8, and Process 5. 

Process .^jreg&tion of powdered Be into f ina 

gr uinad, hlghwienaity •> atari al. 
.•'rcoepa }<: Low tmwperatura vacuum aubllnatlon of BaFg. 
Process St Production of Ba powder froa the Product of 

Process H by reaction with K». or % vapor. 
Process T« Production of erode BeF 3 dlrectl? froa the 
ore. 

Stiecgaeta that Manhattan District agree to ptircb*tse certain 
amount « of a&teriala produced by the above proceaeet. 
The >ork would be carried out at Plancor Pilot Plant 669. 

Sfo. *fa Hay 1, l*fU6, Major Bamett to tfapt. Boboff. Requests 
negoUatlona ba started with Brush for a research and 
development contract leading to the production of high- 
purity Be ernta.1. 



So. 55 June 6, l^Uo, Ke&o Gapt. Boboff to Legal Section, requests 
that letter contract SngVLl bo drawn up, 

So. fj6 June 6, 19^6 t Gapt. fioboff to Legal Section* defines oode 
vorda H »awgran tt aha "Process HS* as follows? 

Sawgr&u - Be natal nowder of certain specif! catioa. . 
Process as - Purification of BeFg by sublimation, and 
direct production of Be powder (Savgran) by reaction 
with Mg or 8a vapor. 



A .S i 



Brush Berylliom wonpaay -itontraot. ¥-2," 3 *075 «a«-n (Ooatl-auad) 




jfefftrlptjoa 

*fttly 1, &t. Col. *w v. Oborboek to Mstrisst 

i3ngin.*©r # liwahftttaii District, Attention J Br» Ohapraaa. 
a©fers to final proposal for research and devslopaant 
pto&em subaitttd by Brush, and explains that only 
Process S and fS ar0 to be investigate at this time* 

1*0 » 58 July 25t • * <ir » •fas* <%1©* %n«gor, Israeli) to 
Qoio Beelor, states that Supplement 2w. 1 has bsen 
signed* 

i?o. 59 ■ iwgust 29* 19^, fir. H. Bass (Brush) to «r» tyltor 
states that Supplement JSt>« 2 has bosn signed* 

l*o • 60 Septasbsr 22, X«^, Mr. Bass (Brush) to Sr. Muidor, 
states that Supplement fu. 3 has been filgned. 



Brush Sei-ylllua Ooapaay Contract 'rf-2r?-075 ©»g-a2 



Contract tf-22-075 ©««~12 with Brush T&arylllm Company calls for the 
production and supply of 4,000 11)8. of Be metal *>look» fabricated by 
powder metallurgy. 

i/orrespondencq ; 

A auiaa&ry of important correspondence pertaining to the oont.raot 

follow* £ 

Reference Jfescyfotloji 

Ho. 61 May 17, 1946, Oopfc. Beboff to Legal Section. Beoueete 
th»t letter contract 2ng-l? be drawn ttp. 

Ho. 62 Jane 25, 1946, Mr. V. W. Base (Brush) to Col. Beeler, 
U. S. Sngineor* Of floe, state* that Supplement 8». 1 
to Eng-12 has teen signed. 

Mo. 63 July 25, 1946, I* W. Bass (Brush) to Col. Seeler, 
states that Supplement So. 2 has been signed. 

Ho. 64 July 2b, 1946, Mr. Htmlaton (treasurer, Brash) to Qkpt. 

Robeff, quotes prioe of ^139.50/lh. of finished product 
for Be aetsl blocks. Price is subj eot to oertain 
reductions. 

£c. 65 August 23, 1946, F. Mm Belaore to K. W. Bass (Brash). 

Lists specifications for the Be metal blocks and states 
that smxinus total impurity, exclusive of 0 ay-gen, he no 
greater than O.UfS. 

lio. 66 October 1, 1946, Mr. Bass (Brush) to Mr. judder, states 
that Supplement Ho. 4 has Ik; en signed* 

Mo. 67 October 2, 1946, Mr. Kumiston (Brash) to R. *• Horle. 

Gives price of Process ^ billets from which protective 
coatings have been stripped as £100. 50/ lb. Bough 
machined billets are «!l4/lb» 



2So. 68 



October 7» 1946, Mr, Boboff to Mr. Bass ( Bin sh), suggests 
that work proceed immediately on fabricating bricks by 
a new sieving method. 



r-Mih .''iftrylliur? C;tap;.iy Contact ;>v)|5 eu#-l£' { Continued/ 



Referenc e Ito g p r 

Ho. t>9 November U, lg^i, nr. 1*.6& (1'rush/ to Mr. ^ofcolf. 

Oives ^uotalioii of ^4, jO/lb. for *Proe«B6 4X" 
b i 1 1 p t a » stri . * ri but no t ma ehi ned . 

tio» 70 • Hov«b«r S, 19l4€i» Hr» Hanlston (Brush) to Mr. Hoboff. 

Concerns proposed purchase of 23,000 lbs. of % froa 
Jfcmiinion M/^jnfertun, Ltd* Suggests that 'rovernsent 
purchase % to avoid p&yaent of duty. 

iso. 71 November 1^, 1«M>, Mr. B&»s (Brush) to >fr. H. S. 3%rie. 

Given revi sed codes for 1 dent if ieation of nntal 'block®. 

Process 4 - premium or rsmelt metal, and use of 
H'«llnan Press. 

- 'Same rs £4 except crushed and sieved metal 
la used Instead of rwaelt. 

••4$ ~ Same an ; iS except that press Is not used. 

- Same as ^ except that prens a not used prior 
to sintering* 

Ho. 72 November 20, 19'Ue',. mame Mr* K. Anchor to Files. Concerns 
a visit to tbe Brush Plant and gives a particularly clear 
description of thoir under takings. Describes the two 
methods of making Be powder; methods for producing Be 
Mocks from powder, etc* 

No. 73 Jfeeeaber 5, 19 li <»t **r» Boboff to Legal Section. Bequests 
that Contract rf-22-075 eng-1? be drawn up. 

up* 7k Deesnber 13» VjhC, S* >/. Sass (Brush) to Kr. Mulder, states 
that Supplement Mo* 7 to Letter Contract eng-12 has been 
sigrted. 



^usachneetts Institute of i'echnology Contract v*7l*05 aa«*175 



Qontracfc i 

Contract &-7405 en£»l75 with ltoB«4elms«»tte Institute of ^technology 
is a research and development contract involving work with Be as 
veil a » other metals and compounds » 

A atistaary of isportant correspondence pertaining to the contract 

follow* J 

to. 75 iugast 31, 19^3, Major fferold <*reonstein to H. McL. Sage 
(IUf). Returns a signed copy of Contract to M.I.f. 

So. 76 February 17, igl*4, J5aj. Greenstein to Mel». $&ge (MIS!). 

r&queats return of signed Su.r. lament So. 7 *° contract. 

-<o. 77 February 25, I9**h» Maj. Greens tain to Area /Engineer, 
Chicago (C&pt« Karl), transmits proposed Suppleaent 
So. 9 for approval. 

Mo. 78 December 7» 19*&» 1st Lt» Lord to Area Sngineer, Madison 

Square .area, requests copy of Suppleaental Agreement Hb« 2. 

:«o. 79 *«ugust 21, 19^5» N.I.S.^to Revere Copper and Brass So. 

burnish 12|50 ton press and labor for extrusion work. 

lid. SO January 2, 19^6, Col. Brown, Oak Bidge, to ;vrea Ingtaeer, 
Madison Square Area, discusses transfer of administrative 
responsibilities froa Boston «rea office to Manhattan 
iirea when Boston closes, transfer to take place Feb* 15, 
19^6 according to letter* 

Ho. 81 March 8, 19^6, nono froa John Chipaan to McL. Sage (Mlf). 

Rr» Xeufaann has become fd rector of Project. 2he former 
separation of the project into divisions has been abandoned. 
Group leaders now report directly to Kaufaann. 

Ko. 82 March 11, 19^6, Maj. Greater to Dr. Ghipa»n t (M2X), iHscuases 
plans for comprehensive Be e&utlysis orograa. 

So. S3 torch 19, 19^1-6, F. M. laelaors to Br. Kaufaann. quaint 
representatives of Brush &rul Clifton with MIT method of 
aaking Ise nitride. ' / , 



M&sssaeiiueetta Institute of Xeafcnalogjr &mtraot 3**7**05 eng-175 (So»t<4) 



ii»far«nce Inscription 



80. 8fe April 12» 19W>» Dr. K&ufinimn Usiff) to 8. 1. Beboff. 

Describee difficulty in producing extruded Be rods greater 
Uum 2 s dimeter. Require now aelting e<gulp»ent to 
protluae larger billets. 

Mo, §5 Hay 9, 19**6* ia«Ro S.B.Knbof t." to J, Hojwb, Property 

■ Seotion, planned «ow of Hit to Bood fiilk Oo. Building. 

86 .June 19*HS t memo to File* 'by Msg. Hearon. Mentions 
«ag~2P, I'ng-Uo, and Sng-175 to be terminated m& 
replaced by contracts on cost plu« popcentetga-for-"- 
overnead plus 7$ f i*»d fee. 

.So. «7 June 29,-1$^, K-aufoaan (MX*) to S.B.Roboff. Setlmttee 
ooitt of producing finished extruded Be rod starting 
with Brusb metal (^A/U.) a a 

2*b. g# Sept. 6 0 15^6, *T. 3 # ^nldor to 3i strict Itagiseer, 

H&nhnttea Zdsfcriot, Qdk Eiilgo, "nelosee letter dated 
Aug&et 30, 1*11*4-6, delegating representative authority 
to lir. Beimore for approval. 

So. S9 Sept. IP, 19^6, Dp. Kaufman to .?. !4. .Bol&ore, *1&ob 
to test Bmsh Process 4, metal on behavior during 
fabrication. 




■IterylHun Corporation - HQM 



Correspondence: 



a summary of important correspondence follows J 



Heferenoa 



ifoscrlptl 



So. 90 
So. 91 
Ho. 32 

So. 93 

.2*0. 



ssogust 23, 191*3, Lt. 0ol. Cutoff to Mr. Oravely, Beryllium 
Sorpor&tion, requests analysis of BeO nrodueed by Beryllium 
Corp. 

April 25, 19^, Mr. aravely (Beryllium Corp.) to J». K. 
-.elmore, state* that beryllium Corp. has developed & new 
process for production of high purity natal. 

September 30, I9U6, aewo to File* fron K. Morie, 
states that Beryllium Corporation can produce 99#5$ 
So ssetal In pig, lunp, or brick for» at 195/lb. Be powder 
i» sold at IS5/I0. In addition, thin aetal sheets can 
be produced. Production to date is on a lahoratory 
scale, however. 

lovember 29, f« M. Belmore to Mr* Gravely, Beryllium 

£orp., gives specif icat Ions for 2,000 lbs. of Be metal 
blocks, and requests a price quotation. 

December 26, 19^6, Mem to &. turner. Safety Section froa 
S. B. Iioboff , states that the Qovenment Is about to enter 
into production soutraot and a research and development 
contract with the Beryllium Corporation. 





General iter/lllum sll*s>s 



forre . sppaden ce t 

a somas? of important correspondence frm the General Beryllium 
Files follows t 



So. 5§t «?uly 20, 19M>, to Sr. Chlpaaa from Paul Oorden* 



3t?it83 that 01 If ton flake Jie can be ssaooeae fully 
extruded by compacting In cans before ©xt rusioa. 
1/2 inch rode were extruded at 90000 and 1000°0. 
«rain size i« very fine and shows practically complete 
reerystalli gallon. 



.;o. 36 January 15, I9N5, memo to >"il9s froa Capt. Hoboff. 



-numerates Be requirements for 19h6j discusses various 
programs, anticipated as well as those in operation, 
for producing Be metal, Be shapes^ Be compounds, etc. 
She total Be requirements for I9U6 are estiinated as 
6,000 i»B. 



So. 57 search 11, 19U6, raeaso to Files from Capt. Keboff. 



Concerns a proposed standard! aat ion program for Be 
analysis. Ihe National Bureau of Standards is to 
prepare standard samples which will then be 
distributed to various laboratories for analysis. 
Xt is thought that the assay of Be for free metal 
content is in vary poor shape, and that a research 
job would be necessary. • 



So. $$ I'Aroh 12, I9U6, ?• jM» Belmore to Capt. Cox, iianhattan 



31 strict. Gives types of Be metal available, price, 
and production rates t 
lie lump metal, 2000 'lbs/taonth, J^/lb, 
Be lump metal, preoiua grade, l^OQ lbs/month, J?S/lb. 
Be flake metal, 600 Ibe/eionth, vIQO/lb. 



Mo. 99 August 26, I9U6, Lt. sJol. Leber to **rea i^ineer, '%disf©a 
Square Area. Ooacerns Be requirements for a proposed 
power pile which will require between 25,000 and 50,000 los. 



BeO in brick form, -in oraer for 3,000 lbs. SeO from Brush 
has been placed and will be fabricated into bricks by the 
lorton 60 • ^hese bricks will then be used for experimental 
purposes* 




Oenar&l 3er/lliusi *lles, ( CoatizmeA) 



ho. ICO 



m, 102 



Kb. 103 



ho* 105 



ilo. 106 



Mo. 107 



in sc ription 

vevtesher 19, 1946, memo to Files from Lt. Comdr. Bunford. 
Concerns a trip to suppliers 01 SeO and fabric bora of 
BeO hriefce for the purpose of coordinating procurement 
of the aaterial for the power oile program. This 1% aa 
'JxtenpJ.ve name m& covers all parts of the Be© oriO* 
programs, including operations at Brush, Qliftoa, A 0 
•ipark Plug ^o., :*»rto» <3o.» atc» 

Ocisooer 10, 1940," »o«o to i'iltis fron K. B. ?torie. 
Concerns a Be conference held at Oak Bidge to clarify 
she iso procurement situation throughout the Manhattan 
'District, ihio memo is very *v/ten«ive *nd gives a 
breakdown of requirements according to «w»h user. 
Specifications, types, uses, etc. sre listed. 

Qotoher 11, 19^6, mmo to Col. Siehols? frora A. ?. 
Peterson, iie search 01. v5 «»ioa id rest or. "?<Hfot«p.ead8 Ur. 
^Bedding's (So** State) Be ^.rcgraa he expanded to 
pilot plant stage. 

October 2S, 1946, Col. Klrjrpatrlct to «rea' Snginoer, 
liew fork, ^ives the approved proeuretaent progrea for 
tie metal and B«0 for IOH7 . 

uctoeer tM, 194b, memo to Mr. K alley from S.B.Hohoff . 
Ehis i» another extensive laesto madam concerning the 
present status of the Be progras. 

Uovember 29, 1946, memo fross Col. Beoler to District 
i^agiaeor, ilanhetttm Metric t. Concerns #sG requirements. 
£e<juirenents for various installations are listed. 

Doeemoer 3» 1^4b, meisso to Mr. Turner from Mr. K-ori*. 
Mitts all installations throughout Manhattan .District 
using Be. 

Beceaher 5,-6, 1946, Paper sntitled "Be Analysis Program" 
gives results of various methods of analysis of Be for 
SI, etc. 




General iizr#\±ixm Hie* ( Onntinued) 



;.c IPS l&cemUer le, 19*»6, wecio to ;4*ea Engineer, low York fro© 
»ur. Surner. A comprehensive survey concerning 3e health 

ly : 3 • ±».<3m"mr 16, 19^k, »iemo froe 4. iisoyd to .ir. Simpson* 
wcacerns certain functional tests performed upon 
Hortoa Stempaay's B0O 'brisks. ' Peat* were made "by placing 
the bricks in a graphite pdle determining what totting 
of * control rod was required to maintain a given power 
level* 

So. 110 December 36, iy^6» memo from Col. Kirkpatriek to ia*e& 
Engineer, Sew fork. Confirms «>proval for & research 
and development program with Beryllium Corp. of itesriaa 
for a -six month period* 

So. Ill October 17 » I9H6, Merritt <4«d 8r. Selfrldge, mono to 
?iles» <tt.vos an exhaustive Pe ore survey. 

Mo. 112 viovember 13, 19H6, memo from «r. Boboff to /iles. 

Concerns possible production of pure Be compounds 
iiroctly from the ore by aeans of a newly developed 
procedure as concsivsd by Dr. Xer»a& of Phelps-9odge 
Corp. In this prooesn, the briquet ted ore would be 
the anode of an electrical furnace operating with a Gig 
atmosphere, 'ieoorrcend* initiation of » development 
program with Phelps-Dodge if possible. 

ifo. 113 Member 13. igUS, Col.- Beeler to Mr. Rockwell, Office 
of temporary Controls, Washington, 3). 0. Requests that 
the Metals .He serve Board consider raising their 
Civilian Deficiency of beryllium ore so that the 
Manhattan district may nrs sure to meet its 10^7 retire- 
ments. 

£0. Ilk January 15, 1*^7 • G °l' Seeler to V. S. Sockwell, Civilian 
Production Administration, Washington, B.C. States that 
Metal .\eserve has increased the Ci vilian Deficiency of beryllium 
ore by the 2,000 tons as requested by the Manhattan id strict. 
Proposes that the 2,000 tons aoi>> be purchased directly by 
the A.S.C. from ;ietals Reserve. 



special Mating? 



liefcrence Deacription 

Ho. 115 epteabor 6, Be«ort Lt. 3. B. liobcff to 

Major 3. a alley, « abject "'foe r reduction and 
flahrlcattoa of M&ryllim*' 4 ttirea comprehensive 
report on status of overall Beryl Hue* Production 
and development facilities throughout the U.S.iV. 
together with rcconm«nda.tion8 for & coordinated 
. VI snh&tta& Projeot Pro graft (on file in Hadtron 
Square Area) . 

So. 116 ;:«««nber 20, 19^3* letter Major G. W, Hnsaell to 

,;ar. f. H. Brings of ?«nst<sal Metallurgical Corp. 
concerning the production of 600 7 i«0 brloke hjr 
the hot press a*thod from Brush £0 BeO, (on file 
in correspondence folder tf-7'*25 ang-Ef?)* 



Brush Beryllium Company - KOK 



Correspondence i 

A summary of Important correspondence follows: 
aeforoncc Description 

No. llf J tm.nB.ry 23, 19^6, 5*. M. Belmore to Mr. Btss (Brtish) 
states th*it maximum requirement for Be*Hg (Beryllium 
Nitride) would not be more than 6 00 lbs. 

Ho. 118 January 29, 29^6, Mr. Bass (Brush) to 2V a. Belraore 
states that coat of beryllium nitride (30385) would 
not be lest than $50.00/lb. 

lio. 119 March 27, I9U6, Mr. Base (Brush) to Capt. Hot off. 

•gjotea price of 060/lb. plus ^500 additional charges 
for 5 of beryllium nitride. 

Ho. 120 April 9, 19^6, Mr. Hu-nlston (Brush) to '-apt. Hoboff. 

Quotes a prloe of $100 to $150/lb. for various Proceed q 
shapes rough finished. 

So, 121 Ayril 16, lgHS, Mr. Humleton (Brush) to ?. 14, Belmore 
states that rental for building at 3771 Chester Avenue 
is $2Q0/month. 

Ho. 122 May 1, 19^6, MaJ. Barnett, Corps of Engineers, to 

Capt. Hoboff. Bequests negotiations be started with 
Brush for a research and development contract to produce 
high-purity Be metal. * 

No. 123 June lU § 19^6, Mr. Sohweiiisfeier, (Brush) to Capt. Butman, 
Madison Square Area, gives a summary of analytical work 
for analysis of Be metal. 

uo. IZk August 6, I9H6, Mr. Romlston (Brush) to Col, Beeler. 

Gives a cost breakdown for remelting Be metal. Cost Is 
£15*25/11. for remelting. 

ifo. I25 March S, I9U6, Kr. Hawyer (Brash) to Ma^or Kelley, 

Gives an estimate as to maximum possible rate of produc- 
tion of premium grade metal and Produot 88 as 1200/lbs/month 
and 2000 lbs/month respectively, ({notes a price of >55/lb. 
for premium grade metal in large quantities. 



i'ruah Beryllium Cbmpany ~ (Continued) 



Ko. 126 

Ko. 127 

■3b. 12S 

Ho. X29 
30. 130 
Hit. 131 
Ho, 132 

no. 133 



Description 

*m 6 -U8t 22, l^ 1 ^, Mr. Bass (Brush) to K» £. florie. 
Gives price list for all Brush chemicals* Of 
tjenoral interest are: 

8eG «3C» grade, 5-9 lbs. 5.50/lb. 

Be natal lump tech. grade .^7.00/lb. 

3e isietttl lump prsraiun grade CX3/l"b. 

jio aetal powder technical grade 36Q.OO/lb. 

Be metal powder premium grad« y80.OO/lb. 

Beryllium Fluoride Z5-h$ Iba. S.OO/lb. 

: .Qpt9Mber 9, 19^0, Mr. Bass (Brush) to -F. K. 3el.no re. 
liivee production rates of beryllium oxide. 

Sep teaser 23, l<?^> t Mr. Bass (Brush)- to ». ». Morie. 
States Uu. t Brush is proceeding with production of 
223 Process % Blocks for Or. 2inn. 

August £7, 19 l ;6, Kr. Sawyer (irush) te Col. fields, 
: .*i»r Dept., Washington, D. 0. -'oncerna possibility 
of establishing Be industry in Inglaad, and raises 
the question of Brush's position along this line. 

October 18, 19^6, Col. Beeler to Ooaaiuading General, 
Manhattan Project, Washington, B.C., Attention Col. 
fields. Olves the status of patent agreements for all 
four Brush contractu. 

Cotober 2?, I9M3, Lt^ Col. Oborbcck to Lt. Col. 
Jannarone. (livee recommendations for a health 
yvogrm, including tolnrancoe for alpha* beta, and 
gemma radiation, Kadon gss, et<*« 

October 31, 19 ! r6 t Mr. Lavender, Pttont Adviser, to 
Col. fields, concerns feasibility of allowing Brush 

to disclose .Process ^ to British. 

Jooeartwr 17, 19U6, Mr. Humiston (Brush) to ^construction 
finance Corp., Office of ?*Bt»ilf5 Tie serve, Washington, B.C. 
suggeots that e. quantity of boryl ore now allotted to 

Civilian Deficiency bo .?lao«tl in storage at Brush's plant. 
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of i important correspondence follows: 
Description 

Hoy 31, I9W*, Mr. McL. Sage (MIT) to Capt. Sturges. 
Concerns a special patent clause to be used for 
part-time workers. 

July 26, 19^5, Lt. Hutman to Br. Harrison, MIT. 
States that a ne« purchase order has been Issued 
to enable the spectrographs laboratory to 
continue analyses of Metal Hydrides Company samples. 

August 18, 19*6, ^oha Chipman, Director MX* 
Metallurgical Project, to Major Glreagor. Suggests 
that MIT attempt to extrude thorium in a manner 
similar to that used for flake Be. 

September 11, I9A5, Mr. A. M. Gaudin, MIT to 

Lt. Duffey. Concerns reputed discovery of a high 

grade pitchblende ore at the N'Kana Mine in Northern 

ilhodesia. 

Karen 7» 19^ » Major Bamett to Dr. A. H. Kauftaann 
states that an accounting system has been set up. 

iVprll 15, 194b, Br. Kaufman* (HIT) to Capt. Hoboff. 
Mentions the planned move of MIT's activities to a 
new building. 

June % 19U6, S. Mel.. Sage (MX?) to Col. Kelley. 
Gives a clause taken from the Signal Corps contract 
with MX? covering classified aspeots and ability of 
the staff to publish. 

July 2, I9U6, memo from N. frfi. Sage (MIT) to Col. 
Beeler. Advances the argument that Government 
contracts should make a contribution in excess of 
costs to provide a margin of revenue for creation 
of facilities, support of research in unsponsored 
fields, etc. 

July 9, I9U6, Col. Beeler to District Sngiaeor, Oak 
fddge, states that HIT requests a 7$ fixed fee in 
future contracts, md since this deviates from all 
previous 'policy, requests information as to whether 
or not such negotiations atm be authorized* 
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description 

July 18, 19^6. Col. Beeler to tir, K. ncL. Sage (KIT). 
Pontpones decision on fixed fee question until return 
of the District ; ngineor from Bikini Testa. 

August 9, igU6, Col. Seller to Mr. K. McL. JSage. 
states that aotivitles of Manhattan District will 
shortly be handled by an Atomic j&ergy Cowisslon 
to be appointed by the J resident, and therefore the 
Manhattan ; Engineering Pi strict would not Hit* to 
make such a mejor change in contractual polloy at 
this tine* 

August 1^, 19M>, Kr. Burwell, Jr. to Col, Beeler. 
Hequeits permission for certain steel samples, 
used in a lubrication Investigation at MIT, to be 
irradiated in the Clinton pile. 

October 8, I9U6, T. S. Ohapnaa te Br. Kaufle&nn. 
States policy of Government concerning release of 
information to industrial concerns, etc. 

Deeenber 10, I9U6, X. s, Chapman to Mr. (taiwutna. 
Transfers adttinlstr&tlve authority to Madison Square 
Area Engineer* 

«go. 17, 13%, Col. Heeler to H. McL. Sage, states 
that as of Janu&ry 1, 1$*7 control of Madison Square 
Area's uraniua inventory will be relinquished by the 
Manhattan District to the 
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of laportaat correspondence follows! 
^ascription 

December 29, 19*K>» U. tfueneau to Major Halls, Steel 
Section, Materials Branch, .Resources 'Division. Describee 
a visit to Brush beryllium Company and Clifton Products, 
and gives a good summary of plant process*!. 

August 11, 19U3, Mr. »'iadseker to Major Hub sell. 
Describes Be astal -which Clifton plans to pro dues 
starting in September. 

August 7* 19^3* Henderson, Jhlef , 2s Section, 
Mineral a Bureau to Mi', 3rager, Defense Plant Corp., 
Washington, D. C* Concerns urgency for completion of 
Clifton plant for production of Mb netal. 

Septenber 2$, I9U3, iiajor Huseell to Copt. Baasstt. 
Describee inspection visit of Clifton. 

October JO, I9U5, memo to Files fron It. Koboff. 
Concerns procurement of high-fired BeO fron Clifton. 

January 9, l$4b t Capt. Davies, Jr. to ?he Judge Advocate 
General, U. 3, Arny. Includes coplos of doeunents 
pertaining to a claim for relief filed by Clifton against 
Manhattan District, Aray-Kiivy Munitions Board, etc* for 

April 3, 19^6, Col. fiulland, Contract Relief Advisory ' 
Connittee to MeJ* uen. Groves. tflves a copy of the 
decision of the Appeal Board of the Office of Contract 
Settlement In vhleh the Board approves Clifton* s slain. 

Hay 2, I9H6, Kr. Sturgee' aeno to Flies. Preliminary 
Kegotlation of jtoinbursement for Clifton Products*. 

June 6, 19U6, Ksjor stnrgos to Mr- iadeoker (Clifton). 
Requests Clifton to draw up a proposal for a research 

and develcpeent contract. 

July 22, I9U6, Mr. "indecker (Clifton) to ?. K. Belaore. 
Presents proposal for a reeo&rch snd development program. 
This program will involve a radically new electrolysis 
process for producing metallic Be. 
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No. 159 Kaxoh 7, 19^5, r. 'Indeckor (Clifton; to Mr. Seitlin. 

Glrss « awnrvory of Clifton's experience In the produc- 
tion of flake reta.1. 

Sc. 160 itogUEt ??, 19^6, Mr. Windecfcer 'Cufton) to a. Mori©, 
(Hves Clifton's position relative to production of B« 
metal. Clifton could start to produce flak© metal ljy 
their old process in four months at 15O los/month "but 
would require neout $15,000 to reht&illt&te their pleat. 
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(Abbreviation App., 

Accountability, 13*1 
African Metals Corp,, 1.9, 2.1, 

A PP . F 2.4, 2.8, 2.9, 5.1, 7.2 
African sources, 1.8, 1.9, 2.1 

App. PI 
American sources, 1.9, 4.1 

App. F3 
Ames, Iowa, 10.1, 10.5 
Analytical program (See Quality 

control) 
Archer-Daniels-Midland Co, 

warehouse, 2.2 
Assaying, 2.7, 2.8, 2.9 
Atoms, 1.4 
Authorisations, 1.2 

Badger, E.b. & Sons, 8.4 
Beeler, Col. O.W., 1.16, 1.17, 
Belgian Congo, 1.3, 1.8, 2.1 
Beverly, Haas., 10.1, 10.7 
Billets, 1.13, 102., 10.7, 10.8 
Black Oxide, 1.2, 1.8, 2.4, 3.2, 

4.3, 4.4, 5.2, 7.1, 7.3, 7.4, 
8.5, 7.7, 7.8 
App. C2, D3, F 

Eldorado, 1.10, 3.2, 3.3, 7.1, 
7.2, 7.3, 7.4 

Linda, 1.10, 7.2, 7*5, 7.6, 
7 7 7.8 

Vitro, *1.10, 7*1, 7.4, 7.5 
Blooafield, M. J., 10.1, 10.9 
Brown tbd.de, 1.11, 8.1, App. 

C3, D6, D7, D8 

du Pont, 1.11, 8.1, 8.2, 8.3, 

8.4, 8.5 

Linde, 1.11, 8.1, 8.5, 8.6, 8.7 
Mallinckrodt, 1.11, 8.1, 8.2 
8.3, 8.4 
Brush Beryllium Co., 10.9, 10.10 
Brush Laboratories, 1.11, 10.9, 
10.10 
Bush, V., 1.2 

By-products, 1.6, 1.13, 2.2, 4.1, 
6.1, 6.3, 8.7 



- Appendix) 

Canadian Government, 3.3 
Canadian Radium abd Uranium Corp., 
3.1, 5.1, 6.2 
Canadian sources, 1.9, 3.1, 

app. F2 
Cannonsburg, Pa., 7.4 
Carnotite, 1.3, 1.10, 4.1, 4.2, 4.3, 
4.4, 4.8 
Casting (See Recasting) 
Chicago (See University of ) 
Cleveland, Ohio, 9.4 
Clinton Engineer Works, 2.6, 2.7 
Clinton Laboratories, 1.14 
Colorado Plateau region, 1.3, 4.1, 4.3 
Columbia University, 10.7 
Commercial, uses of uranium, 1.4 
Conant, J.B., 1,2 
Concentrating of ores, 7*2 
O.S.V., 7.8, 7.9, 7.10, 7.11, 7.12 
V.C.A., 7.13 
Conservation Order M-285, 5.1 
Construction, 1.11 
Contract Eata, App. F 
Contract negotiations 
African sources, 2.3 
American sources, 4*3 
Canadian sources, 3*2 
Market procurement, 5*1 
Radioactive materials, 6.1 
Contractors, graph, App. &4 
Contractual arrangements, 7.3, 7.5 
Control laboratories, 12.1 
Costs 

Black oxide, 1.9, 7.3, 7.7, 7.8 
App. H4, P 

Brown oxide, 8.3, 8.4, 8,$, 8.6, 8.8 

App. F.6, E.7, P. 8 

Concentrating, 7.10, 7.11, App. E4 

Construction, 1.15 

Green salt, 9.2, 9.3, 9.4, 9.5, 9-6 

App. D.9, E.10 

Hexafluoride, 9.6, App. D.ll 
Metal, 10.3, 10.4, 10.5, 10.6, 10.7, 

10.8, 10.9, 10.10, App, E.12 D.13 
Operation, 1.15 




Costs, C<tinu«d 
Overall 1.15 
Oxyfluoide, 9.9 
Peroxid« 8.3, S.J 
°rocureint, 1.15,.3, 3.2 
3.3, 4.: 4.7, 4.15.1, 5.2, 
6.1, Apj PI thru 
Quality Catrol, 1J 
ftadioaet ire Lead, i, 6.3, 

App. PJ 
Eadiuin, .1, 6.2, p. P6 
Soda Sal, 7.5 
Tetrach3ride, 9.i 
Crenshaw, Lt . Col . T, , .1 .16 , 

1.17 

Ee'epwatej Point, I, 8.1, 8.4, 

8.8, 10, 
Developmet (See Rarch and 

developa nt) 
Dioxide (ee Brown Lde) 
du Pont c NeiaouraJo., S.I. 

1.11, 1.3, 8.1, 8.5, 8.7 
•8.8, 3.9 9.1, 9.2«3, 9.7 

9.8, 10. 

Durango, olorado, Z> 4.5, 4.6 
7.2, 7.9 7.10, 7, 



Eldorado (old 2£Lne*V 



— - ' w " 

Eldorado lining an<fe'ining, 1*3, 

6.3, 7.1, 



1.10, 1.J2, 2,3, % 
7.2, 7.3J 7.4, A Pi f 
Electro SsStallurgic 
1,21, 10.1, 10. 



4., 3.1 



o., 1.12, 
0.4 



File references, Ap 
French, Cek, 3.2 
Prick GheAcal Labctjries, 2.9 
Plow diagrams, App. 
Puture conpideratio, L.14 

General Features of r jram, 

Part A 
Glossary, App. A 
Grand Junction, Col>aj>, 4.5 

4.6, 7.2, 7*9, 7.1 .11 
Great Bear take, 1, .1 
Green salt, 1.11, SL,ppp. C 5 

B 9, £ 10 



du Pont, 1.11, 9.1, 9.2, 9.3, 9.4 

Harshaw, 1.11, 9.1, 9.4, 9.5 

Linde, 1.11, 9.6 

Kallinckrodt, 9.1, 9.2 
Green sludge, 7.9 
Graphs, App. C 

Haaford Engineer Works, 1.14, 12.4 
Harshaw Chemical Coi, 1,11, 1.21, 5.1 

9.1, 9.4, 9.5, 9*6, 9.7, 9.8, 9.9 
Hexafluoride, 1.1, 9.1, 9.6, App. C6, 

U 11 

du Pont, 9.7 

Harshaw, 9.1, 9.6, 9.7, 9.8 
Hooker Electrochemical Co., 1.13 

Introduction, 1.1 

Iowa State College, 1.11, 1.22, 10.1, 
10.2, 10.5, 10.6, 10.7, 11.1, 12.5 
Isotopes, 1.5 

Jackson Laboratory, 1.11 

K-25, 1.1, 1.15, 8,7, 9.5, 9.7, 9.8, 
App. G 

Keiley, Lt. Col., W.S. 1,16, 1.17, 
Kelly, Joseph A., 6.2, 6.3, App, F 6 
Klaproth, M.H., 1.3 

LaBine, .Gilbert A., 3.2, 3.3, App. F 
Lake Ontario Ordnance Works, 2.6 
Lead Oxide, 6,1 
Ledoux & Co. , 2.8 

Linde Air Products Co., 1.10, 1.11 
1.21, 2.6, 7.2, 7.5, 7.6, 7.7, 
77:.10. 8.1, 8.5, 8.6,. 8.7, 9.6 
Lindsay Light k Cheaical Co., 11.1 

Mallinckrodt Chemical Works, 1.11 

1.21, 8.1, 8.2, 3.3, 8,4, 8.6, 9.1, 

9.2, 10.1, 10.2, 10.3, 10.4 
Market procurement, 1.10, 5.1, 

App. F 4 
Marshall, Col. J.C., 1,16 
Massachusetts Institute of Technology, 

1.22, 12.2, 12,3, 12.4 
Material balances, 13.1, 13*2 
Metal, 1.1, .1,11, 1.13, 1.14, 9.2, 

10.1, App, C 7, D 12, T> 13 



Metal Continued 
Brush Labs, 1,11, 10.9, 10,10 
du Pont, 1.11, 10.1, 10,5 
Electroaet, 1,11, 10.1, 10.3, 10.4 
Iowa State College, 1.11, 10.1, 

10.2, 10.5, 10.6, 10.7 
Mallinckrodt, 1.11, 10.1, 10.2, 

10.3, 10.4 

Metal Sydridee, 1.11, 10.1, 10.2, 
10.7, 16.8 
Westinghouse, 1.11, 10.1, 10.8, 

10.9 

Metal Bydrides, 1.11, 1,21, 10.1, 

10.7, 10.8, 12.3 
Metala Reserve Corp., 4.1, 4.2, 

4.3, 4.5, 4.6, 4.7, App k P 3 
Middlesex warehouse, 2.6, 2.8, 3.9, 
Monaslte, 12.5 

Monticello, Utah, 4.2, 4.7, 7.12 

National Bares* of Standards, 1|»22, 

2.9, 10.7, 12.2, 12.3, 12.4, 12.5 

Haturita, Colorado, 4.2, 4.6, 7*13 
Miagara Palls, S.T. 10.3 
Sichola, Col. I.E., 1.16 

Objective, 1.1 
Occurrence of uranium, 1.3 
Office of Scientific Research 4nd 

Development, 1.2, 1.11, 3.1, f.5 

8.1, 8.2, 9.1, 9.3, 9.4, 10,1 9.7 

10.5, 10.7, 10.9, 10.10, 12,1 12.3 
Oolan, Belgium, 2.2 
Operations, 1.1, 1.7, 1.10, lj.3 

1,14, App. C, D, f7» P 8 

African sources, 2.1 

American sources, 4.1 

Black oxide, 7.1 

Brown oxide, 8,1 
Canadian sources, 3.1 
Concentrating of ores, 7*8, f.13 
Green salt, 9.1 j 
Hexafluoride, 9.1 i 
Market procurement, 5.1 
Metal, 10.1 
Orange oxide, 8.1 
Oxyfluoride, 9.9 
Radioactive materials, 6,1 < 
Refining of ores, 1.7, l.ioj 7.1 
Soda Salt, 7.1 
Tetrachloride, 9*5 



Operations, Plan of, 1.7 
Grange Oxide, 1,1, 8.1, 8,2, 

Ajtp. C 1, C 3 
Ores, 1.3, 1.7, 1.8, 1.10, 1.14, 

1.15 (See Sources of raw material) 

Occurrence, 1.3 

Refining, 7.1 

Organization and personnel, 1.15 
1.16, 1.17, 1.18, 1,19, 1.20, 1.21, 
1.22, Charts, App. B 
Oxide (See Black oxide) 
Oxyfluoride, 9.9 

P-9, Miscellaneous Material for, 

App. H 
Perry Warehouse, 2,6 
Personnel, 1.15, 1.17 

Amy, 1.17, 1.18, 1.19, 1,20, 1.21 

Contractor, 1.22 
Pitchblende, 1.2 
Pitkin, Lucius, 2,8, 2.9, 12.3 
Port Hope, Ontario, 3.1, 3.2, 

7.1, 7.2 
Pregel, Boris, 3.1, 3.3, 6,2 

App. P 

Prices (See Costs) 

Princeton University, 1.22, 2.9 
12.2, 12.3, 12.4 

Processes (See Operations) 

Process gas, 9.7 

Procurement, 1.1, 1,8, 1.9 
African sources, 2.1, App. F 
American sources, 4.1, App. F 3 
Canadian sources, 3.1, App. P 2 
Market procurements, 5.1, App. P 4 
Radioactive materials, 6.1 

. App. P 5, F 6 

Production (See Operations) 

Program, Development of, 1.1, 
1*2, 1.7 

Properties of uranium, 1.3, 1.4 
Chemical, 1.5 
Physical, 1.4 
Radioactivity, 1,5 
Relationship to radium, 1.5 

Quality Control, 12.1 

Radioactive lead, 1.9, 6.1, 6,3, 
App. P 5 

Radioactive materials, 1,5, 1*9, 
6.1, App. P 5, P 6 
Radioactivity, 1.5 
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8.10, 
Plant, 
Before* 
Kefinin , 1 

D 4, t 
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Linda, 

*,g.a. 

Titro, 

B»quir« Ap, 
Beaeercl 1. .2, 1.14, 



4g 9.3 



1.15, », 
9*7, 1 M 
10.7, : 
Beeulte 
Eohoff,}.* 

Sanplial 
Scrap ray, 
Scope, 
Seneca 

Sninkol, 2*2 

3.3, 3 
Soda •* 
Sodiva at}} 
Source*!. 3,, 1.8 

Aaarid 



1.9, 2.1 St. Louia Saeh and Door . 
larka, 9.2 

Sita I, Procarenent for, 
App. * 

Standard Chae&cal Co. , 7.4, 
S-50. , 1.1, 1.15, 9.5, 9«7, . 
9.S 

Stona and Webster Shf^neerlng , 
Corp., 1.7, 1.8, 1.16, 3.2, 
3.3, 7,5, *.2, 9.4, App. F 
Storage, 2.5 

Talliftgo, 1.9, 4.2, 4.4, 4*5 
App. P 3 

Treatment of. 7.2. 7.8 
Tetrachloride, 9*5 
Tetrafluoride (See Green aalt) 
Thorium, 11.1, 12*5 
Tonawanda, M.T. f 7.2, 7.o» 9,5 
app. CI C 2 , Transport ati on of African ore, 

2.5 . , . ' , 

treatment (Sea R e fi ni ng 
operations) 
Trioxide (Sea Orange oxide) 
farming*, 1.13, 10*2, 10.6, 
10.7 

D 2 



t.9, 



Onion Carbide and 
715, «.7 

10.5, lO.oSnion Mlniere do Bant fetanga, 
1*3, 2.1, 2.2, 2.3 < 
9.8. Tenadiam Corp., 1,22, 4.1, 4. 
4*2, 4»3* 4.4, 7.2, 1A$ 7.8 
7.9, 7.10, 7.11, app. f 
Bnireraitj 'fit Chicago, 1,14, 7*5, 
8.1, 12.2, 12.3 
ftranite, 1.3 

Uranium, 1.1, 1.2, m.3, 1.4* 

1.5, l**, 1.12, 1.13, 1.14 
Dioxide (See Brown oxide) 
Sexefluoride (See Rexafluoride) 
Metal (See Metal) 
Orea (See Source* of raw 
material) 

Oxide (See Black oxide) 
Oxyflnorid* (See Oxyflooride) - 
Tetrachloride (See Tetra- 
f luoride) 

Trioxide (See Orange oxide) 
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Oraniuja Oj&de, 1.1, 2.3, 

7.1 " ' ! '" . 

Bravaii, Colorado, 1**2, 4.4, 
7.2, 7*% 7.10, 7.11 

fanadltt«^ 1.9* 1.15, 4.1, 4,3, 

4.4, 4. 5» 4.1, 7.2, 7.3 * 
▼anadirae Corp. of America, 1.22 

4,1, 4.2, 4.5, 4*4, 4*1, 4.6 

4.7, 7.13, App. F 3 
Yanadii» pentoxide, 1.1|, 4.1, 

7.6, 7.9 
fitro Manufacturing Co., 1.10, . 

1,22, 2*3, 4.3, 4.3, 5.1, 5.2 

7.1, 7*% 4pp* f 



War Production Board, 5.1 

Weighing, 2.7 
Weatinghemae Roc trie and 
Hanufacturing Co., 1.11, 

I. 22, 10.1, 10. 8, 10.9 
leetiogtiouee, Chicago, HI. 

II. 1 

S-10, 1.1, 1.2, 1.12, 1.14, 
1.15, App, I 

1-12, 1.1, 1.14, 1.16 
Tale BniTersitjr, 1.22, 3.3, 6.9 
Xelltwr Sludga, 7.9, 7.10 
7.11 



